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ADVERTISEMENT. 



iV NEW Edition of Mr. Robins' s celebrated 
Treatise of Gunnery being much desired by 
the public, the proprietor has been induc- 
ed to have it revised and improved through- 
out by an eminent mathematician, who 
has carefully revised the whole, and illus- 
trated it with many useful notes, relative to 
such improvements in the art of Gunnery, 
as have taken place since the last edition 
of this work. The notes added by the 
present Editor are subscribed with his in- 
itial, H. to distinguish them from those of 
the original author. 
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DOCTOR WILSON'S 



PREFACE. 



In puhlifi)ing ihefe traSls of my friend Mr. Ben« 
jainiu Robins, IJhould premife fotne account of their 
author ; together withfuch reflections ^ chiefly relating 
to mathematical fubjeSs, as may occafionalty arife. 

This excellent f erf on was bom at Bath in 1707. ^s 
his parents were not wealthy ^ and alfo quakersy it was 
much feared, left the furprifing progrefs he had by 
himfelf early made in various branches of literature^ 
would be interrupted through want of due encourage- 
ment i efpecially amongft a people^ who profefs not the 
fame efteemy as the reft of the worlds for the learning 
theyftyle human ; fuppofing it not requifite either to the 
underftanding or explaining divine fubjeSts^^, 

However y fome particular friends of Mr. 'Robins 
being very defirous thai he. might continue his purfuits^ 
and his merit nQt be loft in obfcurity^ wiftoed for this 
purpofcj that he could be properly recommended to teach 
in this town the Mathematics^ which had been one of 
the principal objeSis of his ftudies. With this view 
therefore they communicated to a gentleman here a paper 
written by himi in order to learn what judgment per- 
fons of knowledge might make of his abilities. This was 
ft^ewnto Dr. Pemberton, who^ thence conceiving. u 
good opinion of the writer ^ for a farther trial of his 
proficiency fent him fome problemsl of which the Do5lor 

a 3 required 

* Barclay's Apology^ Prop. x. § 18, 
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required elegant folut ions ^ not tbofe founded on algebra'^ 
teal calculations ; adding an example ofjucb a Joint ion ^ 
that the young geometer might the more readily compre^ 
hend his meaning. An anjwer was returned by Mr. 
Robins, that gave a very advantageous. idea of bis 
tajle^ as well as invention. 

Upon this he came to London j ifobere his prejenct 
ft ill increafed the favourable fentiments that bad been , 
entertained of bis talents. For bejides bis acquaintance 
with divers parts of learnings there was in him, to an 
ingenuous afpeSty joined an aSivity of temper, together 
with a great facility in cxprejjing bis thoughts with 
clearpefsy brevity^ ftrength, and elegance ; endowments, 
which do* not always accompany ft udious perfons. But 
though Mr, Robins was poffeffed of much more skill 
than IS ufually requ^iredin a common teacher; yet being 
foery youngs it was thought proper, that he fl:fould f wi- 
ploy fome time inperufing thebeft writers on thefublim^ 
^er parts' of the mathematics, before he undertook pub^ 
Ucly the inftruSiion of others. In this interval, befides 
improving himfelf in the modern languages, ^ he bad op- 
portunities of reading in particular the works of 
Apollonius, Archimedes, Fermat, Huygens, Dq 
Wit, Slusius, James Gregory, Dr. Barrow, Sir 
Isaac Newton, Dr. Taylor, and Mr. Cotes. Tbefe 
authors be readily underftood without any afftftance ; of 
whicb be gave frequent proof s to his friends. Among /I 
dtbers, one was a demonftration of the laft propofttion 
bf Sir Isaac Newton's Treatife on ^Quadratures, 
which was thought not undeferving a place in the 
Philosophical Transactions.* 

Not long after, an occafton offered for him to exhibit 
to the public afpecimen alfo of his knowledge in natural 
philofophy. The Royal Academy of Sciences at Paris 
bad propofed amongfl their prize queftions, to demon- 
ftrate the laws of motion in bodies impinging on one 
another.'\ The celebrated M. John Bernoulli here 

con*' 

♦ For 1727, No. 397. f In 1724 and 17^6. 
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fondefcmdedjo be a candidate j and though hu l^fffr- 
tatioH loft the rewardy he appealed to the learned world 
iy printing it.^ He therein endeavoured to eJtahUJh 
M* Leibnitz's opinion of the force of bodies in motion^ 
from the effeSls of their ftriking a^ainji fpringing tnate- 
rials ; as Signor Poleni had*before attempted to evine^ 
the fame thing from experiments of bodies falling m foft 
and yielding fubftances. But as the infufficiency tf 
Signor Poleni's arguments had formerly been dm^- 
firated i\ fo Mr. liohins publijbed in a journal, caM 
The prcfent Stairte of the Republic of Lctters,J; ah 
unanfwerable confutation of M*. BcrnouHi's perform-^' 
^nce. 

It may indeed feem firange^ that a mere iyrofhould 
thus overcome fo redoubted a veteran. But though 
M, BernovUi mu^ be allowed to have had a confider- 
able fhare of invention in pure mathematics $ yety when 
any phyfical caufe intervened, he feldom could avoi4 
falfe reqfomngs ; being d^cient in that diflinSnefs ef 
conception, fo neceffary for fecuring agaiJi/l error in 
thefe more complex fubjelfs, and li^hkk was poffeffed hy^ 
Mr. Robins in a fupreme degree. 

Now the retommendations of his friends, fupported . 
by fuch authentic tejiimonies of his abilities y foon pro- 
cured him many fcholars ; amongfi thefcy fever al were 
of real genius, who (it prefent make, an eminent figure 
in public ajfairi. 

But it may be here obfervedy that about this time be 
quitted the peculiar garb and profefjion of a quaker ; 
for not having the leaji tin£lure cf objiinacy, fnp^-* 
ftition or enthufiafm in his nature s he foon got over, the 
prejudices of education, and had an utter averfon to a3 a 
feigned part. However y he continued to cultivate a 
friendfbip with fever al deferving perfons of that per^ 
fuafton I not bein^ ignorant that at all times y and in 

a 4 all 

^ Discours sur les loix de la communication du Mouvementt 
Pay M. Bernoulli a Paris, 1727. 

f Pilosophical Transa^ions in 172?. No. 371.. 
X For May 1728. 
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all places y there have been great numbers of learning, 

Jagacity, and even bonefty too, who through the force of 

early imprejjions, and a certain caft of temper, have 

made moji palpable abfurdities the objeEls of their faith. 

Mr. Robins 's way of inJlruSling was generally fimi- 
lar to the courfe he had followed hinfelf ; but as he 
only taught perfons fingly , cjnd not in claffes, it was in 
his power to vary his method according to the capacity 
or intention of each learner. However, be always be^^ 
gan with the Elements of Euclide, not as interpolated 
by Campanus andC\zv\\xs, or anatort/^ed by Hcrigonc 
and Barrow, or depraved by Tacquet and Dechalles ; 
but according to the original, handed down to us by an^ 
tiquity ; much lefs did he ufe any of the new modelled 
Elements] that at prefent every where abound. 

By what is here f aid, I would not be underftood to 
diffuade the confuting Clavius's Euclide at a proper 
fime ; for as in it there is nothing inconfiflent with the 
flriSlnefs of demonfiration, fo it contains many curious, 
particulars relating to geometry. And indeed the con-^ 
iraSledform into which Dr. Btarrow has reduced She 
'Elements, may be of ufe for refrejhing the memory, 
after the original has been. well confidered ; the fame 
judgment may be paffed ori his Archimedes, Apollo- 
nius, and Thcodofius. 

For want of fuch a beginning in his Jludies, many a 
mathematician, who has acquired no fmall fame, has 
been altogether incapable of framing afynthetic demon^ 
Jiraiion, ai it ought to be^ or even of readily comprehend^ 
ing onefo conftituted; but would be apt, though it had 
alt the perfehions poffible^ to imagine it tedious and ob-. 
fcure^ through his not being acquainted with the ge- 
nuine expreffion of the true geometry. . Hence the writ- 
i^S^ ^f great pdrt of the moderns on mathematical 
fubjeSis abound with inartificial computations. The 
confideration of which led Mr. Robins often to repeat 
a faying of that elegant writer Joannes della Faille : 
Mathematica muki fciunt^ mathefin pauci,* 

Amongfi 

_ _ « 

♦ De Centro Grav. Circul. & Ellips. in the preface. 
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^mon^ Mr. "Rohms^s/choldrSi/uch as went after-, 
wards to Cambridge, in order to qualify themfelves 
for one of the learned profeffionSy were wont, as is 
the cujiom of young men, frequently to enter into warm 
contejis with the difciples of Mr. Profejfor Saunderfon,, 
that gentleman ufing there a very different method of, 
inJltuSiion. Arid indeed I have met with ingenious 
perfonSy who, though they allowed Euclide's Elements 
to he the perfe£ieji book of the kind j yet did not think 
it the mofi proper introduSiion for the generality of 
Jludents, at leafi when ranged in clajjes,^ the way of 
teaching principally followed in univerfities s hut the 
contrary of this opinion appears to he true from the 
cotiftant and very fuccefsful practice of the late famous 
Mr. Maclaurin, who, I ohferved with pleafure, al- 
ways' begun his academical courfes with the Elements 
(j/'Euclide.* 

And these Elements well deferve ^o he carefully con- * 
fidered, even by fuch as do not intend to devote much 
of their time to mathematical fpeculations ; for they are 
more ufeful, in order to acquire a habit offlri£i reafon- 
ing, than the moji laboured fyfiems of logic ; that art, 
owing in great meafure its original, and indeed being 
beji fitted for making formal anflvers, to the childyh 
and ridiculous conceits of thofe quibbling fophifts, whofe 
impertinence Plato has fo jujily expofed ; appears fo 
far from being the moft natural means of diftovering 
and judging of truth, that the great mafier f of the art 
it/elf was a very had reafoner. 

The two chief grounds offalfe reafoning^are^ ambi- ' 
guity in the ufe of words, and principles hajlily taken 
up ; fcarce any one ever offending againji the rules of 
mode and figure in fyllogifrhs. But the fureft defence 
againji thefe two grounds of error, is exercifing the 
mind infubje£ls, where a courfe ofreofoning is follow- 
ed free from perplexity in the terms y and difint angled from 
uncertainty in the principles ; My which we may gain a 

habit 

* See Iiis Life before his Account of Sir haw: Newtoii's Phi^ 
JQsophical Discoveries. t Aristotle. 
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haiit of dijiinguijhtng beWeen perfeSt reafoning and 
V)batever in different degrees takes only tbe appearance 
fffit. 

Euclidc in his Elements has the adv-antage of ajuh^ 

jeSly the J^mplicity of which keeps it almoji neceffarily 

free from any arnbiguity of terms ^ and his demonfhationi 

are conduSied with tbe mofl exprefs dejign of reducing 

the principles affUmed to thefewefl number^ and mofi 

evident y that might be; and in a method the mofi na^ 

tural^ as it is the mofl conducive tovcards a jufi and 

^ompleat ^comtrehenfton ofthefubjeliy by beginning with 

Juch particulars y as are mofl eaftly conceived^ and fiow 

mofl readily from the principles laid down^ thence by 

gradually proceeding to Juch as ar^ mor^ obfcur^^ an4 

require a longer chain of argument. 

And this great regard to ^perfpicuity ^ in the method 
and form of reafoning^ was Jo peculiarly the cbaraSer* 
' iftic of th^ mofi ancient geometers, that Mr. Robing 
chofe to initiate thofe under his inftruSlion in the Ele^ 
ments of coniaks by ApoUonius, in preference t'Q any 
modern author. 

Tofuch as had a talent for invention, he recommend- 
ed the geometrical analyfis of the ancients on account of 
is elegance, which muji be allowed in many cafes by^ 
the mofl profefl admirers of algebra. Even M d'Al-r 
cmbert acknowledges, — il y a des cas ou Fufa^gc de X 
Analyfc (he means algebra) Join d'abrcgcr lea dcmon- 
ilrations:i les rendroit au contraire plus embaraflees. 
De ce nombre font, cntr'autrcs pluficurs problemea 
ou theoremes, ou il s'agit de comparer des angles 
cntr'eux.* And Br. Halley, though he had formerly 
beflowed the highefi encomiums on algebra,^ yet when 
he became acquainted v^ith the geometrical analyfis, 
gave this the preference, faying, Methodus h«c cum 
algebra fpeciosa facilitate contendit, evidentia vero ct 
demopftrationumdcgantiaeamlongefupcrarevidetur: 
and afterward^ he adds^ Verum pcrpeadenciurp cft>, 

/ aljudt 

* Encyclap^dic, torn. L p^ 551. 

+ Philosophical Traiw^^^ions, No^ 205. 
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aliud cffe problema aliqualiter refolutum dare, quod 
modis variis plerumque fieri poteft, aliud mechoda 
elegantiffima id ipfum efficere j analyfi breviflimi 
et fimul pcrfpicui, fynthefi concinna et minime 
operosa. Hoc veteres prasftitifle argumento eft 
ApoUonii liber, quern impraefentiarum tibi fiftimus.* 

/is io the principles of algebra Mr. Robins ufedta 
deliver jh or f precepts of his own^ free from the intri- 
cacies and mif conceptions y by which the generality of^ 
writers had obf cured a matter in itfelf very plain and 
eafy to be comprehended. The interpreting the terms of 
affirmative and negative^ which in reality exprejfed 
only the relation of one quantity to another, as implying 
fame abfolute quality in the quantities to which they are 
prefixed^ has occaftoned all that airofmyjieryy by which, 
learners arefo unneceffdrily perplexed. As a flagrant 
proof of thisy fee the very extraordinary account of af* 
firmative and negative quantities in Dr. Saundcrfon 5 
voluminous Treat if e of Algebra ^ P- S^ ^^^ 5^' 

Mr. Robins explained the doffrine of fluxions, and 
what is ufuallyflyled the fublime geometry, after a clear 
and genuine manner / not having tbe leaft recourfe to 
the abfurd notion of indifvifibles or infinitefimals, but as 
it is delivered truly, though very briefly, by its great 
inventor in the introduffion to his admirable treatife on 
quadratures. What a crude idea the fame Dr. Saun- 
dcrfon gave his fcholars of thefe Jpeculations, before 
Mr. Robins had publifh^d an explanation of them, ap^ 
pears from his pofthumous piece, called The Method 
of Fluxions, printed at Londort /« 1756, 

I fhall not proceed to. defer ibe Mr. Robins*s way of 
inftruiling in the fever al branches of mixed mathema- 
tics ; whereof he was a mofl perfeSl m after, and on 
which he could deliver himfelf with the utmoft clear- 
nefs. I fhall only obferve, that as he well grounded 
his fcholars in true geometry ; it was eafy for him to 
inform them of the practical parts in a more fcientific 
manner, than they are handled in the vulgar treat'tfes. 

The 

^ Praefat. in ApoUon, de Se^on^ Rationis. 035on, 1706. 
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The modern authors, Mr. Robins chiefly valued, 
werefuch as approached the neareji in their manner of 
writing to that of the ancients, Amon^ft thefe the 
great Huygcus flands in the firji place. But thofewho 
had the care of publijhing his pofihumbus works, Jeem 
to have been of a different opinion > when they tell us, 
they once had thoughts of changing his real demonflra- 
tions into algebraical calculations ! 

Mr, Robins alfo had the higheft efteem for Dr. 
Barrow's leSIures, and recommended them ufually to 
his fcho tars ; for in thofe^ that treat of the mathematics 
in general, they would find amongst other excellent 
things concerning the nature and principles of thefci- 
ence, a jujl defence of Euclidc, ' and a full explanation 
cf his idea of proportionality j and as the fubjeSt is 
bandied in a popular manner^ fo the author, befides 
fhewing 7nuch real learnings and exquifite choice in his 
authorities, has not only fupported his peculiar fenti- 
menis with great fubtilty of reafon,' hut alfo adorned 
his difcour/e by a mafculine and true eloquence. 
^ In his optical leSlures they ^vouldfee the principles of 
(aioptricks and diopticks fet forth in the compleateji 
manner, ^here the aSlual interfe£iiotis are determined, 
which 4he rays of light, iff uing from any point of an ob^ 
jell after refle£lion or refraSlion, make with ea£h other^ 
as alfo the limits of jhofe interfe£iions, and hozv the 
rays,, the nearer they approach thofe limits, are more 
and more conflipated / whence fuch limits are called the 
foci, as the line paffing through them all has beenftnce' 
named the cauftic,'^ Next, the author finds the princi- 
pal foci in different lens's, Afterwards he treats in 
general of the apparent magnitudes of objeSls, and then 
particularly afftgns the images of plane furf aces. The 
whole is intermixed with fever al curious propofi tions in 

geometry, 

* This Dr. Barrozc dctcrmini'd m cifclcs opIv; his successor 

in circles and in other curves l)y meajis of the radius of curva- 

^<urc. Sec J hi rroit*s Optics^ Le^V.-xiii. Art. 25, 26. Newton's 

'Optical J.e(^tures, Part. l.Sea. iv. Prop. 32, 33', and hisTrea- 

tise of Series and Fluxious, Prob, v. §.70, . . 
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geometry y and confirmed by mofi accurate demon fir ationsi 
which have been praifed asfuch by Sir Ifaac Newtor> 
himjelfs* who fuppojed his auditors well acquainted 
with theje leSures of his predeceiffor^ in OKde,r to under-, 
ftand perfe£ily the Jublime dijcoveries^ he was deliver^ 
ing to them. 

Dr. Barrow's geometrical leElures alfq exhibit great 
f^arks of genius and invention^ He there at the begin* 
ning dlfcourfes briefly ^ yet. clearly, about motion and 
time J ibenjkews^ fromcupif^s being generated ' by mo* 
tiony\ho7v are deduced feverdl of their general prof er*- 
ties. Next he determines the tangents and areas of 
curves i infer ting many curigus propofltions of different 
^ndsyas concerning the tangents and/etantsofihe cir-. 
cle, the conic fuperficieSi (^c. and in. his laji lelfure he 
Jhews^ bg*iiD to di^tfirmine the limits of equations ^ better, 
than k4i. been dgne -before ^ \or even fime). . . » ., 
V / am the more particular, in relation to the works ^^ 
this great many\asl think they are too little at^prefent 
regarded i and I fbMl farther ftrengthen mine and Mr'.- 
Robins 's thoughts of tb^m, by 4ddingy to Sir Ifaac 
l^cmon'sj judgment of the optics a.bove. quoted, the. 
teftim^qny of the famous James. Gregory concerning, 
both [the optical and geometrical leilur^es.: the DoSor^s^ 
mathematical l^SIuresnot. having been printed in his or 
Mr, Gregory's, lifertime^. .This e^^cellent mathemati- 
cian^ though be bad written profoundly on the very 
famefubjeliss yet in his letters to his friend Mr. CoU 
lins, thus candidly gives bis opinion. Mr. Barrow m 
his optics fheweth himfelf a moft fubtle geometer, 
fo that I think him fuperior to any, that I ever look-. . 
cd upon. I long exceedingly to fee his geometrical 
ledlures, efpecially becaufc I have fortie notipns 
upon that fame fubjedt by me. I intreat you to 
fe^id them 'to me'prefently, as they come from the 

press, 

V ■> « . - • \ 

^ -r-qim Dissertationesj quas hie non ita pridem audivistis^ 
iantd rerum opticarum varietate^ novarum copidy et apQuratissi-^ 

mis eanmdem dsmonstrationibus fuerint cofnposita: / '.• New* 

ton's Ledt. Optic, at the beginning. 
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prcfs, for I eftcem the author more than you cart 
cafily imagine.* And Mr. Gregory's expeSlaiiom 
nveri not in the leaft difaf pointed s for having received 
tbofe leSuresj he writes Mr. C oliins word^ Barrovii 
(Gtometricas) Lediones fumma cum voluptatc et at- 
tentione pcrlegi j atque omnes qui unquam hifce de re- 
bus fcripfcruntinfinitointervallo fupeiaflc comperio.f 

I need hot mention Mr. Kobins's opinion of Sir Ifaac 
Nc.wton ; ^nce be has badoccaficn to declare it fo often 
in the following tiroes. And indeed iJ/V Ifaac Newton's 
fumejeems at frefent to havt furmounted all oppofition* 
I'he philefophers of a neighbouring nation acknowledge 
hiS' merit. Though th^ had for years quite overlooked 
his. book of optics ; yet now theyfpeak<f it in the 
highest terms. 1[, And ihey ba^Oe at. length ad€pted at* 
traSion under the name of aniverfal gravitation ^ 
which they had ItHig t^eSiM. as an occklt quality y oft 
account its eau/eisnot difcoA>ered. They might as well 
have negUSied tht cmfideratim of the laws of motion > 
Itcaufe it is not known, why motion arifesfrom the coU 
tifion of^bodies i/6r the contemplation of the effeSls of 
HgAt, as it has not been found out, whether it is owing 
to beams darted, immediate^ fr'om the luminous objeSi, 
0^ to impreffions mnde on a furrtunding medium y or td 

fome mor^e latent ^ufe. It is the bufinefs of the true 
' pbilofopby to explore the -moftfimple caufes, *andfrdm 
their combinations to account for the various phanome^ 
na in nature. But all the objeSions that could be 
rmfed againfi this true 'Ooay of philofophifingy Sir Ifaac 
Newton hadprevioufiy obviated in his works. Of this 
theyfeem at • lafi to befenfible, from having conftdered 
them more attentively ;\ and accordingly they are at- 
tempting to make improvements on his principles. ' 

I am 

* Dr. fVanPs lAy^B t>f the Professors of GreHumt'CoUcge^ p. 1 6 1 . 

+ Comincrcium P]pistolicuin, p. 95. 

f Ouvrage vraiment digna de ^admiration de tous les siedes. 
History of tho Royal Academy of Sdences at Paris for V7b*iy 
p. IS4.. 

II Memoirs of the Royal Academy of Arts and Sdences at 
Vuris 1745, p. 329, 
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/ im wry fenfible the exaBnefs of my friend in 
Udcbin^ tJiJiighted by fomi profeffors ; they recommend- 
ing Pardicsjv Scurmius, and other Jhallow authors^ as 
hefter calculated for the humours of many, who, Jince 
thefe fpeculations b^e been fa much in reputation^ would 
gladly acquire y at Jittle expence of time and thought^ a 
fmattefing acquaintance with them. 

^hougkyk^h empirical methods have prevailedamongst 
she fupeyfcial andjjalf taught j I wtjh they may not he 
countenanced' in our public fchools, I hope that univer- 
Jity, which has betnfo rtmwnedfor the mathematics^ 
and all forts cf found literature^ will ever difdain thefe 
iow and imperfefl ways of inJiru9ion in every kind of 
inbwledgej and that the great examples of a Spenfer 
and a Milton, (f a Bacon and a Harvey, (fa Barrow 
Hnd a Newton,' ^itb numberlefs others, will always 
fnfpire its ftud^nts with the laudable ambition offoU 
iouHng' thefe their predeceffors in tbefamt path to glory , 
4nd immortality, »Not lefs ardeni are my wtjheifor 
the profperity ~of our other univerftty^ whofe learned 
%ieinhers bofve fpread far its fame in all ages ;' not- 
only it the times fince the revival of realfdtnce; but 
even when the weft em world lay covered Under groft 
ignorance ^ jhere fhone out at Oxford from a)nidft that 
thick thud of darknefs^ bright geniufesy whofe works 
in manufcript^ as teftimonies of their fingular merits 
are ftill preferved in the famous Bod ley an Library. 
And furely the illiberal and mechanic method of teach^ 
ing thefe mofi perfeS arts^ will never gain ground in 
a feat of learnings whofe prof effors^ as a caution againft 
this , innovation^ have already obliged the lovers of 
thefefciences with editions of Euclidc and ApoUonius, 
<f Thcodofius etnd Meneisius« As that ufeful under - 
taking was begun by the encouragement of the excellent 
Dean Aldtich ;* fd it is to be hoped, the prefent wor- 
thy governors of this univerfity may procure the pub- 

lyhing 

* This lelir&cd pelrson, in his Artis logics Compendium^ de- 
fbndc4 Eucltdd from the objedUons contained in a h)gic calledl 
I Art d§ Pensen 
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lijhing the reft of the ancient mathematicians. It wdi 
the multiplicity of Dr. Halky's avocations alone, that 
hindered him for letting us have Pappus in the original ^ 
Qn revifing whiqh ujeful author he had beftowed pains 
equal to his great knowledge andfagacity. 

And here I cannot help declaring the fatisfaSlion, 
Mr. Robins always exprejfed on objerving the progrefs 

. a true tafte for real geometry made in Scotland. The 
mathematical fciences have indeed been well cultivated 
by that learned nation. To a Scotchman, the Lord 
Napier, we are beholden not mly for the admirable in^ 
fuention of logarithms^* and their application to^ tri- 
gonqmetry; but alfo for other very valuable improve^ 
ments'he has made in that moft ujeful art, and proba- 
bly his ill ftate qf health hindered Ms making farther 
dijcoveries. The incomparable James . Gregory was 
iikewije of that country^ whofe riftng merit Jeems td 
have given umbrage ^ven to the great Huygens ;f and 
who/e immature jdeath was an irreparable lofs to the 
mathematical world ; for which lojs I have been in^ 

formed. Sir Ifaac Ne>yton tifed always to Jhew very 

Jenfible tokens of grief , whenever Mr. Gregory's name 
happened to be' mentioned to him. 

In the manner above recommended, were my friend's 

youngef days employed in promoting the ' knowledge 

* The Lord Napier wj^ hot only the inventor of the systctn 
of Logarithms, published by himself, but abo the author of that 
improved plan, which, our countryman Mr. Briggs ^ ^\i\i im- 
mense labour, put in execution, though Dr. Smmdcrson^ in his 
contused account of logarithms published in his Algebra, §. 302, 
has subscribed to the mistake, fii'st propagated by Mr. fVingate 
and Qomm only prevailing, that Mr. Briggs contrived his form ; 
notwithstanding Mr. Briggs. hiiwelf says expressly in the pre- 
face to his ArUhmetica Logari/hrmcay that the form of loga- 
rithins, he computed, was communicated to him by the most 
noble inventor. 

+ See their disputes in the years 1668, 1669, about the 
quadrature of the circle and hyperbola in the Jourrmdes S^avans 
and Philosophical Transactions^ as also in Mr. Gregory^s Excr» 
diationes Geometric^, . What was said in that tra6t seems to 
have silenced M. Huygens. 
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of tbtfe fciences ; whofe aid is in foyne miufure required 
for eftablijhing even the firft foundations of civil fociety - 
as the property of each individual of the co^mnunity muft 
be afcertained in number j meafute and weight. . . . '-. 

Bejides thefefciences have greatly contrihuted^othofe 
artSy whereby the enjoyments cf human life are render^- 
ed more elegant and refined, \;' v ' 

Ti>e fymmetry neceffary to he ^ohfervedy whhheih^^m 
rearing edifices for defence as well as ornament, or- in 
delineating the forms of vifible'^oifeiis^is^ altogether 
owing to thefe fciences. ' -v ^ - 

Nay^ by thefe the very elemenlT, thereby wa ft^ifl^ 
are many other ways rendered cdpaHe.offupplying otir 
want Si and admintftering to our pleafures: - Under them'; 
even muftc is ranked ; as its various tones* Arifrfnm 
the different vibrations made iyi the air, itythe regular 
proportions of which, concords are difiinguifbed from 
dif cor dant founds. The i)<ffluence. of 4'l^iah m tbt^ 
human mind, thereby polHhing mankind^' blz^ been. .ai^ 
all times celebrated ^ and it has bien praBifed by the^ 
greatefi heroes of antiquity, boih facr^d- and profane j^^ 
and the oldefi fyfiem of government and religion, wt* 
know of, adopted it in the wo'rfhip paid to> the Supreme ^ 
Being, * > . . . 

The. firmament expanded on all fides oveY^^ur heads, 
whether illuminated by the fplendor of the fun, or 
adorned with the milder lights of the moon and fidrs, 
mufl ever have drawn the attention of a mind capable 
ofrefleiiing: and thefe fciences, by afftduousandcare-^ 
ful obfervations, have enabled us to fettle themotions-i 
and to account for and predict the various appearances 
of the objeSls, we there def Cry. ^ Hence we^detefmine 
the returns of the feafons^ on which agriculture de^ 
pends ; number, and, as if were, fix the fleeting parts 
of time; and meafure, divide and compafsjhis globe, on 
which we live. By thefe means we become, in fome 
manner, familiar, not only with our contemporary feU, 
low inhabitants in far diftant climes ; but alfo with 
thofe who exijied in ages long ftnce pafl. Thus the 

b human 
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human mind is kept clear of many extravagant and 
hurtful prejudices^ which it would be too apt to im* 
bibei on our having only a ftanty acquaintance with 
our ownfpecies. And the being able to determine the 
tJmes, when eclipfes will happen, and the knowledge 
cfthe courfes of comets, have freed us from the terrors^ 
that ufed to affright whole nations^ ignorant of the 
caufes of tbofe once alarming phenomena. 

Again, from very trivial obfervationsy by help of 
the mathematics^ have been drawn mofi wonderful con- 
clufions. 

The obvious property of the common balance, and 
tife floating of fotid fubftances in fluids^ have given 
rife to arts, that have produced magnificent andfiupen- 
dous Works* 

The broken appearance of an oar in the water, 
which ifffiance^ the academics in their idle dijputations 
fo pertinaciou/fy urged againft the certainty of human 
knowledge,^ the mathematicians have laid hold of and 
thence found out, not only the manner wherein vlfion is 
performed, but how to improve that faculty ; as alfo 
the furprifing properties of light, whereby ohjeSls are 
prefented to us in fuch a beautiful variety of colours ; 
and even determined the magnitudes of ^the particles in 
matter, that are difpofed to refleSl or refraSl different 
coioured rays* 

. From bodies being attrafled by the earth (for they 
fall to it on every Jide) has been dif covered the law of 
that power, to which all portions of mattery wherever 
placed, dofubmit / and how thence the celejlial bodies 
are kept in their order y and perform through the bound- 
lefsfpace their rofpeSiive courfes. Hence the ftruSture 
(fthe univerfe' offered to us in this view, wherein we 
have learnt, that its different parts, even the moft re-* 
mote, are all governed fo completely by one and the 
fame fmple principle ^ muft infpire ajuft and awful idea 
of its miffi powerful, wife and beneficent author ; and 

banijh 

Ciceron. Actdem. L. It. §. 7^ U. 
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. hanifi) from 6ur minds every Unworthy conception of 
him, that fuperftition and enthuftafm mayfuggeft. 

Befides thefe apparent advantages^ accruing to man^ 

kind from cultivating the mathematical fciences, the 

many fieps of pure reafoning, that are gone through in 

the progrefs of htowledgej from the moft obvious af- 

feSiions of magnitude, to the admirable properties that 

are now dif covered, Jince thefe fciences have been J(^ 

happily applied to the ftudy jof nature^ mufi afford an 

exquifite pleafure to a mind duly adapted forftuh re- 

fearches. And perhaps in thefe mental fatisf anions is 

to he found our fupr erne felicity. But as we are of dif^ 

ferent tempers, jo that what delights one, appears in^ 

ftpid to another ; it is too frequent a failing, even 

amongst perfons of true learning and ,genius, to over^ 

rate their own purfuits, and contemn thofe of others.* 

But it is the bufinefs of experience and reflexion. to 

wean us of thefe unreafonable prepoffefftons, whereby 

we may become more cautious -in paffing too rajb a 

judgment on fubjeSls generally allowed to be ufefuU and 

which we flight, chiefly becaufe we have not maturely 

canfidered them, or perhaps have wanted talents to 

makefuch inquiries. 

It has indeed been frequent at all times, even for 
writers not defpiftng any branch of learning, yet in 
praifing the art in which they excelled, to undervalue 
injomemeafure that of others. Thus long ago, though 
Cicero in many places of his works fpeaks highly in 
. commendation of the mathematics ; yet at the beginning 
of his treatife 1l)c Oratpre, where he would exalt his 
own prof efjjion, by Jhewing how few had attained per^ 
feStim in it, has thefe words i Quis ignorat, ii/^^qui 
mathematici vocantur, quanta in obscuritate re- 
rum et qu^m recondita in arte, et nmltiplici, sub- 
tilique versentur? quo tamen ift genera ita multi 
perfecti homines exstiterunt, ut nemo fer^ studuisse 

b 2 ^i 

■ * Eodem modo de Aristotele et Isocrate judico qiiorum utcr- 
que suo studio dcledtaKis contempsit alteruiQ. Cic^ Offic. at the 
beginning. ' ^ 



XX Dr. WILSON^s 

ei scientise vehementius videatur, quin, quod volu- 
erit, .consecutus sit. jind but the other day a 
moji celebrated author^ who at times has treated the 
mathematics very civilly : yet in fetting forth the dif- 
ficulty of his own happy talent ^ has thought fit to fay ; 
il est aise d'apprenrire la trigonoiTi^tric.* But thefe 
writers have not in this cafcy as they ought ^ taken care 
in making thefe forts of comparifons^ to .diftinguijh be- 
tweenfuch as had acquired a knowledge only in thefe- 
artSy and fuch as have produced difcoveries. There 
have been but few Archimedes and Newtons : though 
it may not be difficult to underftand trigonometry ^ it is 
not fo common to make real and elegant improvements in 
thaty or in any other branch of the mathematics. 

In thus apologifingfor my friend's frofejjion^ I would 
not be underftood not to entertain a due efteem for other 
parts of learnings or in the leaft to place the mathema- 
tics in competition with them. 

After what has beenfaid, it would be needlefs to 
take, not ice of fuch, as without any tafie^ and being 
wretched reafoners^ havefpoken with contempt of the 
mathematics. Thus Joseph Sraliger, when conviSled 
by Clavius of the grofs parallogifmSj he had committed 
in attempting to fquare the circle^ not only abufed his 
monitor^, but his vanity rendered him ridiculous (nough 
as to ajfert praeclarimi ingenium non potest esse 
magnus matlieniaticiis ;t and on a like account this 
felf'fufficient critic y Jlyled i,ur all accomplifhed Sir 
JJenry Savile, un certain- "orgucilleiix sot.J But 
that learned knight ^ who had been thoroughly acquaint- 
ed at Paris with ScaHoer's/<:?/7/>/jfj in point of reafon- 
ing^ afterwards gave his real charaEier in his Pre* 
leSlions on Euciicie.§ 

From the above weakneffes of mind Mr. Robins 
feemed to be exempt by nature ; having been endued 

^ with 

* Preface fo a comedy called Le Caffv ou I'Ecossaisc, p. ix. 
printed in 1760. 

+ Scaligerana, article Clavius. 
"^ Scaligerana, article Casaubon. 
§ Le6l. ii. p. 22. Ledt. It. p. 73. and Le6t. xii. at the end. 
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wi/b a capacity fitted for very different /peculations. 
Hence y though he profeffed teaching the mathematics 
pn/yj^ be would however Jometimes ajjijl particular 
friends in other parts of knowledge ; for he was well 
qualified to point out the real beauties of writers in all 
forts of polite learnings and alfo the excellencies in the 
performances of great ortifisy as his iafie and judg" 
ment were not limited to aftngle fubjeSi alone ^ but ex- 
tended equally to hiftory^ oratory^ poetry^ mufic^ arcbi- 
te£lure\ fculpturcy painting, and works of genius and 
invention in every kind. 

Notwithfianding he was thus fraught with variety 
of knowledge^ he never made any oftentatious ufe of it ; 
bis converfation being always lively and entertaining^ 
generally on gay and joyous fubjeSlSy without the 
leaft mixture of pedantry or affeSlation of any fort. 
However, when a proper occajion prefented, be 
could explain himfelf on the mofl abftrufe points with 
great clearne/s and ftrength, both of reafon and ex- 

prejjion. 

But the confinement in his profefjion notjuiting with 
his a£live difpofition^ he gradually declined it^ and 
Went into other courfes of life, that required more 
exercife ; for which he was fitly adapted, as being of 
a middle fiature, well made, and not corpulent. 
Hence he tried many laborious experiments in gunnery ^ 
believing the refifiance of ^he Sir bad a much greater 
influence on fwift projeltileSy tjbafi was generally fup^ 
pofed. Hence he was led to conftder thofe mechanic 
arts, that depended on mathematical principles, wbere^ 
in he might employ bis i^ention y as the conftruSting 
of milts,, the building of bridges, draining of fens, rei:- 
dering rivers 7iavigable, and making of harbours. lit 
which inquiries he received confiderable advantages 
from a very early acquaintance with William Ocken- 
den, Efq. who having a peculiar genius for fucb 
/peculations, .and a mofl intimate friendjhip always fub- 
flfling between them, they mutually improved each 

1, b 3 other ^ 
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other y by a conjiant communication of their thoughts ^ 
and obfervations on thefefubjeSfs. 

Amongst other arts of this kind^ fortification very 
much engaged Mr. Rohms's attention ; wherein be 
met with opportunities of per f effing himjelf by the view " 
of the principal Jlrong places rf Flanders, in fome 
journeys he made abroad with perfons of diJHn£iion and 
fortune. 

On his return home from one of thefe excurfions^ he 
found the learned here amufed with a treatife^ written 
e^prefsly againfi the mathematicians^ intituled The 
Analyst. This was the produSlion of Dr. Berkley, 
bifhop ^Cloyne ; who had been, long famous for vain 
and metaphyseal paradoxes ; and^ his objeHions to Sir 
Isaac Newton arofe chiefly from his not underftanding 
the writings of that great man. 

Mr. Robins therefore was advifed to clear up this 
affair , by giving a full and difiinSf account ef Sir Isaac 
Newton's do5lrines^ infuch a manner^ as to obviate 
all the objeSfionSj without naming them, that had 
been advanced by the author of the Analyst ; fo that 
there need no recourfe be had to the bifhop' s book 
to underftand the fubje&y and alfo that he himfelf 
if poffible^ might fee the weaknefs. of what he had^ 
with fuch an air of affurance^ urged. Accordingly 
Mr. Robins printed, in YJ^5, A Discourse con- 
cerning the Nature an(t Certainty of Sir Ifaac 
Newton s Methods df' Fluxions, and of prime 
and ultimate. Ratios. 

Thisfmall trail is admirqble, on account of its clear- 
nefs, brevity, andflfength of^exprefftOn. 

towards the illuftrating the nature of fluxions ^ it is 
there at the beginning obferved, that as the fluxion jof a 
line is the velocity or degree of fwiftnefs of a point 
defcribing in its motion that line ; fo the fluxions of 
furfaces andfolids may be expreffed by the velocities of 
points defcribing lines, that increafe proportionally 
with thofe quantities. 

Next 
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Next the fundamental properties of fluxions ' are 
demonjirated after the manner of the ancients^ in the 
moft rigid form / and it is Jhewn bow to apply them 
to the determining the tangents and areas of curves. 
Then is given a full and clear account of thefeveral 
orders of fluxions^ or the variations in the velocities 
of increajing and decreqfing ; and the ufe of fecond 
fluxions is illuftrated in the inveftigating from a new 
conftderaticFH the curvature of curves. As here, in 
demonftrating the fluxion of a power , «$"/> Isaac New- 
ton's Binomial Theorem is introduced ^ fo in 'the 
Present State of the Republic of Letters, for Oc- 
tober 1735, there is publift>ed a demonftration of it 
independent on that theorem. 

Aftfr follows a very diftinS relation of Sir Isaac 
Newton's method of prime and ultimate ratios,^ and 
how it may be applied to the purpofes, for which it 
had teen flbewn fluxions might beufed; and there is 
given another new way of determining the curvature 
of curves. Here is fully made out the connexion be-^ 
tween this method, and that of the ancient geometers, 
called, exhauft ions ] fo that it may be of no fmcdl fer^ 
vice to young mathematicians, f& their more ready 
perceiving the force of the demonflrations in the 
Principia. 

The laft part illuftrates Sir Isaac Newton's way 
of computing the fluxions' of quantities / concluding with 
an explanation of what he had delivered concerning 
their Momenta. ' And this particular is ft ill farther 
profecuted in the ab&vementioned journal. 

Notwithftanding this traEt was written V)itb the 

great eft perfpijcuity, completely explaining the genuine 

fenfe of Sir Isaac Newton's doSrines^ yet there were 

found fome^ who were not fat isfied with whfit Mr. 

l^oXnns had publift)ed. 

And this was the Ufs to bje wondered at, fince many 
of our mathematicians having firft learnt to apply the 
computations of this methods to geometrical figures, 
from the Marquis de THopit^rs Analyse des infi- . 

b 4 uim^vvt 
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iiinient petits, they ivere injenfthly infeSed with the 
principles of infinites followed in that book. 

One amongst ihefe, who under the name of Philale- 
thes Cantabrigiensis, had on this wrong foundation 
undertaken the defence of the math^m'nicians againft 
the author of the .Analyst, continued to maintain his 
iniJlaJ^n reprefentation. This induced my friend to 
write two or three additional difcourfes ; which j as 
they may pojftbly contribute to the eaficr apprehending 
Sir .Isa^c Newton's genuine meanings I bav^ here 
reprinted. The Jubfequent peevijh and ungentleman^ 
like fhifts^ Philalethes condefcended to, rather than 
anquiefc^ in Mr. Robins'- fuperior knowledge, I 
would gladly have paffed over in file nee ; had^ not I 
found A^i Robins highly blamed by M. de Button, 
in the Preface to a French trahjlation of Sir Isaac 
Newton's Method of Series and Fluxions. / 
have therefore endeavoured at a vindication of my 
friend. But as this, would now carry me too far 
from the^deftgn of the prefent prefaie^ I have given 
it with other things in an Apendix to the following 
trails. 

In Vil^%he defended Sir Isaac Newton againft an 
objeSion^ contained in a note at the end of a tra£l in 
Latin, called Matho sive Cosmotheoria puerilis, 
written by one Mr. liaxtcr, who had before publifhed 
no fmall volume concerning the foul! But what ought 
we to think of this man's capacity for reafoningj who 
could, not fee his y error in a mathematical fubjeSl^ 
though it b^d beenfo plainly fhewn him ; as we learn 
iy an enlarged edition he afterwards made of his 
Matho in English, that he Jlill perfevered in his 
mi/lake ? 

And indeed the world has never wanted prcfuming 
men^ that fancied themfelves able to difcufs inexplicable 
points ; yet when they have attempted fuch as are 
capable of demonjiration, they have, manifefted their 
deficiency in reafoning. It is true^ the grcatefl genius 
may^through inattention fall into par allogifmsy even in 

geometry. 
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geometfy,' But here lies the difference. The me on 
the leaji hint given of fuch a flipy readily of himjelf 
reilifies it ; but th'e other ^ if you offer tofethim right ^ 
only flounders on in his errors^ being not able to com^ 
prehend the force of your objections ^ howeher clearly 
urged I nor at length even his own' meanings having 
never had a jufl idea, of the fubjeS he unadvifedly ' 
undertook, 

Mr. Robins printed^ in 173.9> Remarks on M. 
Euler*s Treatise of Motion, and on the Compleat 
S3'stem of Optics, written by Dr, Smith, theprefent 
worthy- mafler o/" Trinity-College, in the univerfity 
^Cambridge; as alfo on Dr. Jurin's Discourse of 
distinct and indistinct Vision, that was annexed to 
i)r. Smith's W(?f^. 

One purpofe of this piece is to Jhew the errors ma^ 
thematicians are liable to^ by implicitly adhering to 
their algebraical calculations. The latter pari is writ^ 
ten after a free ynanner ; for which the author in his 
preface has given his reafons. This alfo^ as well as 
the difcourfe on fluxions^ occafioned on the fide of 
Dr. Jurin a controverfy^ which might have prov- 
ed of long duration ; had it not been- cut fl^ort 
• by Mr. Hobins being then called to a public em-^ 
ployment. 

As all the iraSls^ to which he put his name^ were 
confined to the mathenifitics ; the clearnefs, brevity 
and elegance^ wherewith they were compofed^ could be 
judged of by a very few ^ and indeed perfectly only by 
fuch as were not unacquainted with the writings of 
the ancient geometers. But in fome anonymous piecesy 
he publijhed on more popular fubjeSls^ greater numbers 
were fenfible of the force of his reafoning^ the juftnefs 
of his defcriptions, the beauty of his exprejjions^ and 
the harmony of his periods. 

In the year 1739 there came out three pamphlet s^ 
which acquired him great reputationy though they were 
^ written very haftily ; as the Incident s^ that occafioned 
themy werefudden and urgent. 

The 
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Tbefirfi was intituled , Observations on the pre- 
sent Convention with -Spain, Here the fpecious 
veil, with which feme had endeavoured to cover the 
meannejs of this tranJaStion^ was entirely removed 3 
and all the invincible arguments againft it Jet in the 
firongeft light, which very arguments were afterwards 
made uje ofy when it became matter of debate in 
parliament. ^ 

Thefecond was called,- A Narrative of what pass- 
ed in the Common Hall of the Citizens of London 
assembled for the Election of a Lord Mayor. 
^his, though compofed indeed pn a lefs momentous affair^ 
yet contained in it Jurprijing jlrokes of true oratory. 

The third was written on the following occafton. 
Many eminent patriots, as they were then ftyled/ upon 
the JanSion given by the Houfe of Commons to the 
Sj)anish convention, notwithjianding all their weighty 
fpeeches and reajons againft it, became fe difgufted, that 
they took a refolution from that time of not attending 
the bufinefs of parliament : which proceeding, called a 
feceffton, was highly refented by the other fide / and 
the Jeceders at length returned as ujual to their feats 
in the houfe. This defeStion being by many deemed rafh^ 
Mr. Robins was requefted to write ah apology for it-: 
The pamphlet he compofed was delivered to a principal 
perfon^ concerned, in order to be tranfcribed, and the 
original dejlroyed, the better to conceal the real writer ^ 
whofe condition in Itfe might not be able tofecure him 
from the refentment, the freedoms taken ifi it might 
provoke. After fome alterations, to foften matters, 
were made, and a preface prefixt, of both which Mr. 
Robins was neither the author nor approved ;' it was 
at length publiflsed under this title / An Address to 
the Ele'ctors and other free Subjects of Gfeat Bri- 
tain, occasioned » by the late Secession. In which 
is contained a particular Account of all our Ne- 
jociations witli Spain, and their treatment of us 
:or above ten Years past, 

fhis 



XXVll 



PREFACE. 

ft 

^Tbis trdff, though by the abovementioned alterations 
in a manner disfigured, wa^ univerfally efteemedy and 
forfome timey as well as the Observations on the 
Convention, generally refuted to have been the pro- 
duction of that great man himfelfy ivho ivas at the head 
of the cppojition to Sir Robert Walpole ; but it proved 
cf^fuch confequence to Mr. Robins, that it occajioned 
him to be employed in a very honourable poft. For the 
patriots continually gaining' ground, and at length a 
majority ; Sir KohtiX was upon this turn of affairs 
advanced, for his better fecurity, to the peerage, by 
the title of Earl of Orford. However, a committee of 
the Houfe of Commons being appointed to examine into 
his lordfbipU paji conduS, Mr. Robins was chojen 
their Secretary, ' 

And here he exhibited conjlant proofs of his fitnefs for 
this important Jlation, in taking down vety readily and 
perfeSlly the examinations made before the committee ; 
which was no eqfy task, as the perfons examined were 
well^erfed in fecret tranfaSlions, and greatly inter ejl^ 
ed, that the real truth Jhould not be come at. After 
the committee had prefented two reports of their pro^ 
ceedings, afuddenftop was put to their farther pro^ 
grefs by a compromife between • the contending parties ; 
and mojl concerned were gratified, either with honours 
or places, except the fecretary ; which fomf attributed 
to his having been too fine ere in the affair. However, 
in 1742 the fecond report clandefiinely came abroad, 
and was much admired. 

Thus Mr. Robins being again at leifure, printed 
thejameyearafmalltreattje, intituled ^t\s Prin( iples 
of Gunneiy^ containing the refult of many expert^ 
ments he had made y whereby /> dif covered the force of 
gunpowder, and the difference in the refifiing power of 
the air tojwift and flow motions j whence it plainly 
appeared, that the oppofition of that medium to bullets 

andfhells, fb(^tfrom cannon and. mortars, far exceeded 

what was generally imagined s and that the- track dt^ 

Jcribed in their mtion differed from that of a parabolic 

caC 
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cal liney ta a degree undifcovi^red by any who bad iznit" 
ten exfrejjly on the/ubje£l^ from the df^ys of the famous 
Galileo,- to the prefent time. 

Sir Isaac Ni^^wton indeed, as Mr. Robins obferv^ 
idy* was very fenftble of the effeSls of this reftfiance ^ 
and has prof of ed how to ajjign in particular cafes a 
curve of a different f pedes from the parabola, as more 
anfwerable to the projeSile's motion. -^ Nor wai this 
great man wholly unapprifed of the increafe of reftft^ 
ance, both from the rotatory motion of the moving body^ 
^ and a[fo from the preffure of the fluid on the body , be^ 
coming by its motion greater on the fore part than on 
the hinder. \ 

The trail of Mr. Robin* was preceded by an ac- 
count of the progrefs modern fortification had made from 
its firfi rife / as alfo of (ke invention of gunpowder, 
and of what b^d already been performed in the theory 
of gunnery. 

T^bis was welt re(;eived by the public, andy it 
was thought would , have procured the author prefer^ 
tnent ; if he never had been fecretary tg the fecret 
committee. 

Upon a difcourfe containing certain experiments being 
publijhed in No. 465 X)f tlie Philosophical Trans- 
actions., 

* Preface, p. 61. 

+ Princip. Lib. II. Prop. x. 

J Ibid. Prop. xl. in the Schol. in the Remarks on Experira. 
1^. Amongst Mr. Robins^% Tnemorandiims is the following pas- 
sage, which seems as intended to have been inserted into a pre>. 
face to his discourses, that had been read before the Royal So- 
ciety, and which he was about publishing. '• Since what 1 
*' wrote in a former treatise on this head, I find Sir Isaac NevUpn 
*' had considered this, though not in the present instance ; for 
'' in speaking of some conjectures he had made on the sepai^, 
'^ sion of the colours by, the prism, he adds,''-?-/ remembered 
that I had often seen a tennis ballj struck uitk an obUqu^ racket, 
describe a curve line. For a circular d^ T^fll as a progressive 
motion being commnmcattd to it by that stroke^ its parts mi that 
side^ tehere the motions conspire^ must press and beat the con-. 
tiguous air more violent^ than on the other,^ and there excite a 
relu&ancy and re-action of the air proportior^ably greater. Phi- 
losophicaj Transactions, No. 80. p. 3078. Feb. 1671-2. 
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actions, in order to invalidate /ome particular opinions 
Mr. Rohms had advanced s be thought pro^er^ in an 
account be gave of' bis took in the fame Tranf anions. 
No. 469, ^^ take notice ofthofe experiments. And in 
confequence of tbisy feveral dtffertations of bis^ on the 
reftjiance of the air^ were read^ and the experit^ehts 
exbilnted before the Royal Society in the years 1746 
and 174/; for which he was pr^fented with a gold 
medal. ^ 

On that occafion Mr. Folkes the prejident addreffed 
the Society and Mr. Robins, as follows. 



The curjous and valuable experinients, which 
have lately been made before you, by our VOry 
worthy brother of the Society, Mr. Benjamin 
Robins^ concerniiig the resistance given by;the 
air to bodies ivi motion ; particularly to military 
projectiles, and such others as, are made to pass 
through that medium with great velocities : could 
hot escape the attention of my honoured prede- 
cessor, your late president, ^\v f^cins SJpan^: who 
in his present retirement irom business, still ap- 
plies himself with unwearied diligence, to all sorts 
of learned and philosophical enquiries. " / 

He has still tne same concern for thfe prosperity 
and for the honour of this body : and the Know- 
ledge and information he daily receives of eveiy 
thing remarkable that passes amongst us, or that 
is communicated to us from without* aifords him no 
less satisfaction, than when the weight ^of fewer 
years, and a morC vigorous state of health, allow-' 
ed him to give so constant and so regular a^n at- 
tendance at our meetings, during so long a period 
of time, and through the several offices he has 
held in the Society. 

As 
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As I say the before mentioned experiments could 
not escape his notice, so neither would he let 
them want the sanction of his own approbation : 
and he has therefore this year, as the surviving 
executor of the late Sir Godfrey Copley, nominat- 
ed Mr. Robins to receive the annual prize medal 
^ of gold, bestowed by the Society in consequence . 
of Sir Godfreys benefaction. 

I accordingly, at a late meeting of your coun- 
cil, acquainted the gentlemen there present with 
this appointment: who were unanimously pleased 
to approve of the same, and to put into my hand?* 
a meaaly .uppn which, according to their order, I 
have caused Mr. Robins- s name, and the date of 
the present year to be engraved. 

It is from these experiments, and from those* 
others which Mr. Robins is 3till preparing to ex- 
hibit, that we may expect to see compleated the 
•whole, and the true theory of projectiles. What 
Galileo and Torficelli^ who first demonstrated the 
motions of these bodies in vacuo' knew to be still 
wanting in their theories, will Jiercby be supplied : 
arid these particulars will at last become known, 
which they wished that future obiservers would 
make diligent and careful experiment about. 

' The great Sir Isaac Newton^ who did so much 
honour, when living, not only tp this society, and 
to this chair; not only to this country, and to the 
age he lived in, but to the world in general, and 
to human nature itself: this great man, I say, in 
his admirable Prmc2/^m, investigated the laws of 
the resistances made to bodies in motion, during 
their passage through the air and other fluids, 
and thos^e upon different theories, and upon dif- 
ferent suppositions. He also made experiments 
upon the resistance given to funipendulous bodies 
in their oscillations, and to others in their fall, 
which he caused to be dropped for that purpose 
from the highest part of the cupola of St. PauUs 

church : 
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church: but he oever had the opportunity of 
making trials, upon those much greater reaist- 
ances, that shells and bullets are impeded by, in 
tljose immense velocities with which they are 
thrown from military engines. 
X And hence it has come to pass, that succeeding 
writers, even those of the first class, and who are 
the most justly distinguished by their great know- 
ledge and abilities, not sufficiently attending to 
the true theory of these motions, have been of 
opinion, that i?i largt shot ofmetal^ whose weight 
many thousand times surpasses that of the air^ 
and whose force is very greats in proportion to 
the surface wherewith they press thereon^ this 
opposition is scarce discernable^ and as such 
jnay^ in all computations^ concerning the ranges 
of great and weighty bombs, be very safely neg^ 
lected. . X 

This is one of those principles, which the learn- 
ed gentleman, who favoured us with these expe- 
riments, very particularly proposed to examine," 
and that both theoretically and practically ; and 
he has accordingly shewn, by a series of the mos't 
curious and most ingeniously contrived experi- 
ments ; if not the absolute quantities of these re- 
sistances in all cases, at least that they are enor- 
mously great, much beyond what any former 
theories had assigned, and such as are absolutely 
necessary to be considered in all strict reasonings 
concerning thesQ matters: particularly, as they 
in so remarkable a manner curtail and diminish the 
great rangfes of all sorts of cannon and mortar- 
pieces. 

He has also by the way had occasion to take 
notice of several new and surprising phanomena, 
attending these sorts of motions : such as the dif- 
ferent resistances, that are given by the same me- 
dium, t^ one and the same body, when put into 
motion with, the same velocity, and when present- 
ing 
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ing to the resisting medium, the same or an eqiial 
mperjices, but only in a different direction. 

Air. Robins has yet farther pushed hi^ trials^ to 
certain deflexions, hitherto entirely unconsidered, 
of bullets and other projectiles from the vertical 

I)Iane in which the shot is made : and M'hich he 
las with great ^subtilty accountied for, from a ro- 
tatoiy motion that bullets accidenlally acquire 
about an a.vis : and as a confirmation of his theory, 
he has in many cases been able either to prevent 
this deflexion, or to direct it such way as he 
thought proper. 

The last particular I shall here take notice of, is 
a most extraordinary, and astonishing increase of 
the resistance^ and which seems in a manner to 
take place all at once, and this when the velocity 
comes to be that of between eleven and twelve 
hundred feet in one second of time. This increase 
however only concerns the absolute quantity of 
the resistance, the law of it continuing in other 
respects nearly the same as before: and it is re- 
markable farther, that the case wherein -this in- 
crease of resistance becomes observable, is that,- 
wherein the velocity of the shot, is at least equal 
to that velocity with which sounds are propagated : 
whence Mr. Robins \\vl^ with great sagacity of- 
fered his reasons to believe, that in this case the 
air does not make its vibrations sufficiently fast, 
to return instantaneously into the place the bullet 
has left ; but that the bullet then leaves a vacuum 
behind it; whereby it becomes exposed to the 
whole resistance, the body ofi^ir before it is ca- 
pable of giving. 

Should Ibut barely enumerate all the particu- 
lars in these exj:)eriments, that have appeared to. 
myself both curious and instructive, I must by far 
exceed the bounds, that can reasonably be allowed 
me on the present occasion. I shall therefore 
only add, that as I cannot sufficiently admire the 

elegance 
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elegance a^d^th6 judgment, with whicli the gen- 
tleman's experiments have been contrived: and 
conducted; so neither .(^n I enough commend 
the laudable and indefatigable pains Jbe has taken, 
in making so very mlany experiments hinvsel^ and 
in collecting also so mg.ny others from elsewhere; 
all whith he has deduced such computations^ 
from, «afe*raight enable him to compa^re the same 
with, and hereby to ^ confirm and ascertaia his 
theories. ? 
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Mr...-Ep3aiNS, . :,.•,.• 

■ , ; ■« • • 

-■• .■■• ».-••» 

> I I . I * ( , ...... '.A ■ w I \ . 

: It is noWy Sir/ with the greatest satisfactiow - 
that I can assure you of the high esteem the Roy-) 
al Society have for you^ arid of the just value they 
^t upon your very curious and useful c6mmuni-i^ 
, cations..; It iSiby their command, apd in theih . 
name, that I put into /our hand this faithful 
token of their regard: in which you will not at* 
tend to.the^*smallhess:6frtbe gifty t)ut ftbnsiderit 
aa^ it corner fi^con a Society^ . neither abounding \x^ 
sums of silver or gdld, not pnrauing or cbvetrngf 
worldly riqhesy. but the improvement ^orily.of phi^^ 
losophical knowledge..^ Yjouvwill plcaSe tlierefore 
in such alltght to accept this medal^ and in some 
sort to\ con) pare it to those crowns, \ that were 
given to eminent persons, in th6 first ag^s. of sim-t. 
plicity of the ancient Greeks; aad . wliich , al-. 
though only wreaths of oliw, or eVengarlands of 
grass, were not on that account the less esteemed 
by those upon whom they were bestowe4, as they 
were still authentic testimonials, of the most ex-^ 
alted virtue, and of the most'distinguished merit, 

jis thus Mr. Robins's experiments and theories met 

fvitb tb^ greatefi{npprokaiion from the beft judges here s^ 

J$ibetr0^ he. bad fublijbed on tbo£e fubjeSs did 

c bix^ 
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kirn tnueb hmbur airoad ; for the famous M^ Eulrr 
iranjlated it into Hi^h Dutch ; accompanying ibis 
/mall piece wiib an immenft' commentary ♦ and befiow^^ 
ing praijes on it, yet not without attempting to di/cover 
errors. This was printed at Berlin in 1745, and 
Mr. Robins yi^« after informed me^ that M. Euier's 
principal cbjeHions arofefrom . mijiakes ; thefaurce of 
which bayving found out, be tnterided to publijb an >au^ 
fwer ; but from that time continual interruptions pre^ 
vented him. * 

It has alfo been tranjlated into French by M. Lc 
Roy ; t ^^d l^ i^ ^f^^ mentioned with applaufe in the 
Literary Journals of Europe. J The aktliors of one of 
them in giving an account of M. J)\x Hamers expert-' 
metits on the :fami\fubjek\ ddd — il noxis expose 4 
cette. occasion. qudlqu€»eicj)eiicnces tr^s->curieuse&' 
fjaites par xlfautre&J physiciens partic^uli^rement pa^ 
M. RobiM>*qUe TAngleterre comptoit ai> nombre*. 
de ses nliis gran g^ometres, xnais que la mort lur 
dnk.va il jr aclija duelques aiin(6es;| 
- The reputation^ be jufil^, acifiured by this perform" 
Mce, made^ la foreign pfofeffor of the nutib&maticsi 
when in hovid<)X\, payhim a mfit )- andbis^fteemfof* 
J^r., Robins^ was by that inteirview greatly imprtfoed^' 
infomucb that k^n bis return home, hi commended i?Vfr. 
Robins/^ efeSfualfy to 'Chelate prince cf Orapge> /W 
be was invited over to affift in the defence (f Btt^txi'^ 
op-Zoom, then invefted by the French; and^loe did^ 
eKcordingly fet out for that place i hut it was entered, 
by the iefiegersy September 16, 17^7^ jujl after bis 
arrival in the Dutch army. • > 

jis 

* This celebrated work has lately been translated into £ng« . 
lish, by order of the Board of Ordnance, with many necessary- 
Remarks and useful Tables, by Mr. Hugh Brown of the Tower, 
published in one volume, in quarto. ' 

+ Memoir. dePAcademie dc Sciences i Paris, for 1751, p. 45, 

-^ Journal des S^avans, Mai 1743. Jioy. A^a Krudit. Maii^ 
1746. Mem. dfe I'Acad. des Sciences k I^ris, 17(10, p. l/ 
Mem. des Sciences & Belles Lettres ^QerUn, ann, 171^5, p. 104L 

]| Journal des S9aTans; Jan. 1756* 
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As My. Robins had at this time no oppdrlunity of 
fiewing hisjkili in military affairs $ fofo\neytars he* 
fore he was difappointed in his b'Cfis of /ervihg that 
toay bis own country. For in 1741 > Lord -Catbcart 
fvds to ga on afecret expedition,- ^iicb was ^enerhf^ 
ielieved to be intended againft the Havanna. ' -^^rf 

Mr, Robins having had a mantf/criftpian of ity^^7)ifk 

upon thefpot with great exadnifsy^^iven to biiHi?ffm^ 

of bis friends^ iftimediately applied hitnfelf to cmjtdefi 

bow the ftege of this city^ now deUneated . before jinfii^ 

might hefi be attempted : and hygr^at pains 'IH 'U^k;^ 

. ^H ^f n^^berlefs perfons^ who ha4 be^n there^ t^^f^^. 

informal ion, as enabled him to write a verj^'dctUMtt 

f^hemefor the conquefi if that i^p\>rkmt fortrijfs^ r^ 

which ftheme, after having d^ib^d the circumjatg^ 

country f and pointed out the proper i^ pidC^i "^here fb& 

troops might idn4i he thenfet doioH ave^ particu^ 

account, in what manner they ought to proceed, jiefb^ 

fiep, thrmgh all their dnatks^fiirfi^gainft the Moor cdfiU^ 

and then againfttbe body of fie t&^n itfelf 

This ffbeke, together with the ,tn$^fcffpt planjttft 
Pientioned, Mr. Robins prefented toi tord Cathcart^. 
not without hopes, that his Lordjhip wonli thereby h 
induced to allot him -a fiare in the execution ^ an en^ 
terprizcy he had fo fully marked out, as hardly H 
omit u Jingle cireHmftMce, that Jl^ in nee^ cfexptk" 
nation ; but bis expeflations viete f^diiy difappointed - 
for notfv^ithftanding theprefent wai received it^th gr<ct 
readinefsy and many entofniUtnibefiowedUpok ibecont- 
pleatnefs of the perforfMnce^ yet hif lordjhip ^:Oin 
quite filent with regard to eT^aging1iisperfGVi<lf:iFj^* 
ance. Many people then fudged thi^'coldmh Hpro-', 
ceed^from Mr^ Robins having been otiackc'd, h tbi 
wrong Jide of political party ;i but time foon dffiovered 
Cartha|2:ena, and not th^ H^\'^tn^^^\ to be the gredi 
obje£i of that uhfuccejfsful expedition. 

Sotpeyiars after this difappointment, Mr. Robins 
bad the good fortune to be engaged in a work, that 
proved of more consequence to bifn^ than all he bad . 
hitherto written* - 
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\ f$'\7.4:l,\ Mr.. ^som (now Lor a Anson, attd at 
tbebfi^' of (be A^mfTslty 9 when our fleets catry terror 
^k^rev^r ihey appearj, as commodore in the Centuriori 
man Qfixtar^ accomfajnied mih other jhi'ps^ began bis 
voyage, round the worlds which though by dijafters had 
%0 all fjbejuccefs that might have been reajonably ^xA 
p^Sledi yet under this great cbmmander were frjoduced 
Pt/^ny brave and Jkilf^ <^cen^ who at prefent do fa 
f^t^i^b'Jstonouf' tothk liiitisli navy^ Of this voyage /he 
piHick^ b^d/hrfom^ time , Jnen in expeSation of. feeing 
cHi^x/Mfiunt eompo/id unddr hisLor,4/hip\s own infpec^ 
" ^Mh <^FQr ibis putpofe the jrevenend Mr. Richard 
5I^Alit€r\«^ii empUy'edy as having been chaplain aboard 
tjt^e.j^^i-kilionforr^liifi greateji fart of the expedition. 
^.* ''l^^^lter 'ha4\jacciitdingly almoji finijhed his tdsk^ 
kWif^.sbrQHghf: it Jawn tahis own .departure from 
M^B,a/tfr England; '.wi&^»*^. propofed to print biX 
work\by/H£fcriptiony:Then Mr, Kobins being recom^ 
mended as a proper pe'ifjm for reviewing it^ on e»ami-^ 
nation (notwitbft.ayming the fl3QYtnefs\ ofjbe time, thai, 
could be alIo%ved,for fmfy an undertaking) it was re- 
folvedy that the. i^bofe, Jh'ould be written.entirely by Mr% 
jRt()l)ins ; what j[/f?;AWaiter bad .done y being, as Mr^ 
Robins infor(ped.nie^y,^flltndfi aJl\Mien verbatim from 
the Jou^v.ik, was Jo ferve ostnAierials only. And. 
upon a ftriSl, perufd of both the performances ^ I find 
Mr. RH*J)in;^*s to contain about as much matter again 
as that of KJr. Walter-: and indeed, the- introduction 
entire, with many differtatil^ns, in- tbje, body of the booky 
were compiled by Mr. Robins, without having re-- 
ceived the lea ft bint from Mr. Walter's manufcript ^ 
and what he had thence tranfcribed regarded chiefly 
the wind and the weather ^ the currents y courfes^ bear- 
ings, diflanceSy oflings, foundings, moorings , and the 
qualities of the ground they anchored on, with fucb 
particulars as generally fill up a failor's account. Sa 
this famous voyage was compofed^ in the perfon of the 
Centurion's chaplain, by Mr. Robins> in bis own 
fiyle and manner. Of this Mr. Rohim* a friends, Mr. 

1 Glove 
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Kjlovet ahd Air. Oekenden, are wilnrjjes as well as 
9^y/el/, we having compared the frinted book with Mri 
Walter's manufcript. , ;; :. • 

And this was at that time nofecret y far in. the coun^ . 
terpart of an Indenlure, now lying be fare mi y made, 
between Benjamin Robins, Efq. and io\m and^ jPawl 
Knapt6n; bookjellers^ I find, thai thofe , bookfaUerK^' 
purchajed the tippy of this -book from\ Mr. \\Qhm^\as^ 
the Jole proprietor^ with no other - mention of ;Mr^> 
Walter, than.a.frovifo iri'r elation tOt the fubfcriptions, 
he had taken. ; . . •/ ..i ,..!.» 

Thus as many of Mr. Robins's f mailer pieces ^edme^ 
abroad without a name ; Jo this, larger volume, ^vaj^, 
printed in the year 1748, under that of another. Bat: 
though Mr. Walter's appears in the fronti/piece.* yet: 
Mr. Robins was fo well underjicod here to be the 
principal author, that he was univerfally congratulated 
on its Juccejs. And indeed no production ^ this kifid 
ever met with a more favourable reception from the 
public; four large editions were fold off jn lejs than 
a twelvemonth ; and it has been tranflated into mofi of 
the languages, of Europe ; and it fiill fupports its re^ 
putation^^it being this year i 1761, printed here for the 
ninth time, * 

Though the beauty bj^ th$»criginal cannot be fully 
perceived by a foreigner, yet the Journals abroad have 
fpoken of it with great appmufe. The authors of one 
oftheny\ declare — aussi ci:oyons-nous avec lui que 
son ouvrage est tres-siiperieur ^ tous ceux qui ont 
paru dans ce genrje ; %nd on mentioning ihefufferihgs 
afthe mariners in one part of the navigation, they fay ^ 
La peinture de ces divers accidens est si forte & si 
Vive, qu'elle porte Peffroi & la commiseration da;DS 
Tame des lectures. And M. d'Alembertj in Ms 
Disquisition on the figure of the earth, recounting the 
voyages that had been made round it, fays'^ En der- 

c 3 • niere 

* The fifth edition at London in 1749 was revised and cor* 
rented by Mr. Jlobins himself. . . 

+ Journal des S^avans Janr. 1750. 
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nicre lieu ce voyage a ctfe fait par Tamiral Ansdtt^ , 
dont on a imprim^ la relation si interessante et, si 
curicuse.* 

IVe are alfo totd\ that in a treaitfe publijhed at 
Paris in 17^6, intituled llistoire des Navijijation 
fliux Terres AustraU s, there are extracts from it: and 
accordingly the authors of the Memoires cles Trevouxij: 
in their account of that Collection, after having duly 
cofkmended two famous voyages^ to thoje parts, add^ 
that in thent^ — on ne sent pas cette clialeur d'ima- 
gination, cette vivacit^ de style, qui caracterisent 
Phistorre de Texpedition dont se cbargea Painiral 
Anson en 1741. — Richard Walter, cnapelain du 
valsseau amiral, qui a 6crit la relation de ce voyage, 
y peint une flotte qui s'embarque avec all6gresse, 
qui vogue avec les pius hautes esp6ranees, et qui 
du D^lrbit de la Maire, et mfeme a Tentr^e de la 
Mef Pacifique, voit la fortune dont elle se repals- 
soit s'eVaiiouir dans le sciu des plus afFreux de- 
sastres.-^Tout ce que Tun et I'autre 616ment pen-. 
vent oftVir de plus riant et de plus efFrayant, se 
r-encontre sous le plume de Walter et varie agr6- 
ablement ses curieuses observations sur la geo- 
graphic la physique et la navigation, 

/ have cho/e to Jet dotsm rather thefe foreign tejll^ 
monies to the advantage of^Mr. Robins's performance^ 
than to enlarge myjelf in ^ts commendation ; fince the 
inviolable friendfhip^ that is well kno^fi to havefub^ 
ftfted above twenty years between us, may be thought 
to influence my opinion. * 

Mr. Robin^> thus becoming famous for his ability 
in writings was requefied to compofe an apology for the 
unfortunate affair at Preston-Pans in Scotland. 
^bis Was prefixt as a preface before the report^ that 

was 

♦ EncyClopfedie, toiii» ri. p. 750. 
+ Journal des S^avans, 06lob. 1757. 
J Jan. 1758. 

\ Those of Mess. Frazier and Losicr-Bonyct. 
, jl This is intitaled, The Report of the Proceedings and OpU 
fuon of the Board of General Oj/kers on their Examination into 
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Wispn^lifited of that tranfaSiton, and ibis preface is 
flfleemed a mafter-piece in its kind. For there the 
movements oftlx English and of the Highland armies 
iare defcrihed^ the figure of the country drawn ^ and 
the advantages and difad^antages of ground pointed 
^t, with fuch for c^ and perfpicuity^ that 1 haixe heard 
tood judges fay y ibey lookedon it^ as one of the befl writr 
fin pieces in our language^ And indeed its author was 
^ery <apable of adapting his ftyle^ to variety offubje^s^ 
. whether grave or of a joyous nature : Jo that his 
immature death has derived us of many excellent 
works, be might hafoe ttherwi/e publtjhed of very dif^ 
ferent kinds. 

Henceforvoard Mf, Robins had opportunities of 
making farther experiments in gunnery, by the favour 
lof Lord Anson ; the rifult offome of them is declared 
in the Difcotfrjes, I here publifh from the author's 
papers. 

He alfo noi a tittle contributed to the improvements 
made in the Royal Obfervatory at Greenwich, by 
ujing bis inter ejl with the fame nqble perfon to procure 
ufecond mural quadrant, and other inftruments, where^ 
by this obfervatory is become perhaps the compleatefi of 
any in the world. The new mural quadrant, which 
was atfirft d^tgneifor obferving towards the north, be^ 
ingfiill of more exquifite workmanjhip than the former % 
is accommodated for obfervations towards the fouth. 
This obfervatoryfoon became famous, from Mn Flam- 
steed* i^obfervatiims being found to be the moji accurate 
§f any made at that time by others. And what may 
we not expe^frm it now, fince its prefent worthy pof-^ 
feffor^ the reverend Dr. Bradley, is not more remark- 
able for bis fingular exaSlnefs in obferving, than for bis 
great humanity in communicating his ^ obfervations to 
Jkcb as are likely to make a proper nfi of them ? 

Afr. Robins*s reputation being now arrived at its 
fiUl height, neither bis kackwardnefs inpujhing bisfor-^ 

c 4 tune, 

the amdu^ qf Lieutenant -General Sir John Cope, Knight qfthe 
BaCh^ Colonel Peregrine Lascelles^ Sf^l London printed in 1749* 



XI De. WlLSGN^s 

tuHfj that conjiantly accompanied himy nor bis inftcxibU 
bonejiy^ that never permitted him to approve of the 
unwarrantable a5iions of any fa^iion^ being no longer 
able to prevent his preferment ^ be was offered the 
choice of two very considerable employments. Thefirfl 
was to go /^. Paris as one of the commiffaries for ad^ 
jufiing our limits in Acadia ; the other to be engineer 
general to this East-India company ; whofe forts being 
in a moft ruinous condition^ there was wanting a very 
capable perfon to put them into a- proper pofiur& of 
defence. This latter he accepted^ as it was fuitabli 
to his genius f and where ^ he believed^ he fhould be 
able to do real fervice^ as not being liable to be bin-, 
dered through the fuggeflions of dejfign or ignorance ^ 
which by their boa/iing and importunity y often in- 
Jtnuating themf elves into the direiiion of public affairs y 
fretjuently render abortive the befi concerted fcbemes. 

The company* s terms were both advantageous and 
honourable. There was fettled upon him five hundred 
pounds per annum during his life ; on condition that he 
continued in their fervice five years. He was alf9 
entrufied with the appointment of all that were^ to 
he employed under him : andfjuch an order was made 
for furnifhing. him with whatfums of money y he fhould 
think neceffary towards carrying on the works he un^ 
.dcrtooky as was never paffed on the like occafion s/o 
great was the confidence the company repofed in Mf. 
Hobins's integrity y as well as ability j* in neither $f 
which did they find themf elves deceived $ and indeed be 
a£ted in all occurrenceSy through every fcene of life^ 
with the utmofi generofity and difintereftednefs ; and 
never offered to undertake any things whereof he i»ds 
not a perfeSl mdfier. , ■ ' , . . . » 

He deftgnedy^ if be had remained in England, to 
have compefed a fecond part of the voyage round fhe 
world; as xippears from the following letter y which 
Lord Anson Md Mr. Robins the honour to write to 
bim on that/ubjeU. 

• 6£A1I 
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l!)£AR Sir 



When I last saw you in town, I forgo't to ask 
you; whether you intended to publish the second 
volume of my voyage before you leave us, which, 
I confess, I am very sorry for. If you should 
liave laid aside all thoughts of favouring the world 
with more of your works, it will be much disap- 
pointed, and no one in it more than 

your very much obliged 
Baik^ the 22d / humble servant, 

''^?^i?'''^ Anson; 

If you can tell the time. of your departure, let 
me know it. 

• 7be aiave letter is printed nut without the nobh 
Lord's cmjent^ xvboy being requefted to permit ^ that 
ihis teftimory might be exhibited to the world of his 
JLoirdjbips ejleemfor Mr. Robins; replied^ in the po^ 
Utefi manner y That every thing in hi5 power was 
^u« to the memory of one, who had deserved so 
:wellof the public 

• Mr. Robins te^^.tf^<? preparing an enlarged edition 
4jf his .New Principles of Gunnery, and as there 
luumjd have been made great improvements in what 
was already publijhed i fo the geometrical 'part was 
intended to bt added; as I learn from Jome fnemoran- 
dums, he .left behind him. From them alfo I under » 
Jiandy that\be bad the theory cf- the moon under con-* 
federations v \v: ^ * -. 

. . But, . having provided himfelf with a complete fet 
if aftrononucal and other infiruments, for making uh^ ^ 
fervatiims difd experiments in the:lndiGSy be departed 
from hence at Christmas in the year 1749, to the 
jgreat forrowpf all his acquaintance. This howesuer 
.wasinfomemc^iifre\M^ on account of thrber 

wfiti\ the^-f^iblic mighlaecdve j^om his -frefent fitudtim 
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in life, and hy the hopes of feeing him return fafe with 
honour to his native country. Not lefsfenfthly moved 
nvas Mr. Robins at quitting the agreeable fociety tf 
})is dear friends^ to many of whom he had beenflriSlly 
united from his fir ft coming to this place. ^ • 

In the voyage his fhip was very near being ccift 
away ; but he arrived at the Indies on the thirteenth 
^July, 1750. 

There he immediately fet about his proper bujinefs 
with unwearied diligence; and he completely formed 
plans for Fort St. David and Madras. But he lived 
not to put thife in execution. For the great difference 
tn the climate was beyond his conftitution to fupport : 
which was always delicate^ though till then be fcarce 
ever had a fit officknefs. 

In September 1750, he was attacked by d fever, 
out of which he re cover td ; but about eight months 
after he fell into a languifhing condition^ in which fiat e 
he continued to his death. ' JVhen he bad reafon to be^ 
lieve that was not far off y he expreffed himfelf dif^ 
pleafed, the phyficians had not made him acquainted 
with his real cafe fooner^ that he might have lofi no 
time in expeSfaiion of recovering; and even then be 
exerted himfelf as much as pej/tble in the duty of bis 
ilffice, expiring at Fort St. David the 29th of July 
1751 y with his pen in his handy as be was drawing 
tip for the compi^ny an account of the poflure of their 
affairs. 

The fortifications, if Vmt St David have heenfince 
finifhed, and they are at work upon thofe of Madrasj 
according to Mr. Robins's plans. Thefel have beard 
highly prai/ed by many intelligent perfons^ who have 
ieenupdn the f pot. jfyd what isfttll more, I have 
heen informed ^^ that ihey were approved of by the 
hrave colonel Clive s who through the^ fqrce of genius 

alone 

* By the lato accurate and elegant hiitorian of the affaim 
-of India, RoBE&T OemX) Esq. who was perionaily acqaainted 
wUb Mr. Robim, and highly astetnled Mi aMMiri. Sm Mi 
MiUtaiy Transaaions of the British Natioii ia liidoitaii^ 4to. 
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tlone hecming a fdf^taUght commander^ has with 

tnatchlejs conduSl^ as well as valour^ retrieved ot^r 

Jinking affairs in thofe parts of the world. • • 

Asfoon as the news of Mr. Robins's death arrivid 

^ h^re, great number s\ bejtdes his particular friends and 

acquaintance^ Jlrangly expreffed their concern at the hfs 

pffo valuable a perfon ; and as his letter was read to 

the court of the liast-India direHors, a mofi vijible 

appearance offorrow jhewed itfelf on the countenance 

of all prefent ; and the regard the company had for 

Mr. Robins's merit y and their fenfe of the fervices he 

did them, thejbort time he lived in their employments^ 

induced them to behave with great generojity towards 

his father. 

Mr. Robins left alfo a moft amiable charaSer bc'^ 
hind him in the Indies ; for I have learnt from many 
perfonsj who have come from thence^ that his memory 
is Jill held there in the higbeft ejiimation by all ranks 
of people, And no wonder that a perfbnfo well quali- 
fied in every branch of valuable learning, fuch a pro- 
ficient both in the practice and theory of ufeful artSy 
as likewife fo capable and ready to communicate his 
knowledge to others, and endowed with a mofi candid^ 
generous and difinterefted mind, and withal a mcfi 
yprigbtly and agreeable companion, fifduld have render^ 
id himf elf univerf ally acceptable. 

I muft not omit mentioning, that be took car£ to maki 
a fufficient provifion for his father, Mr. John Robins, 
hy pur chafing an annuity for the old gentleman's life s 
who, at the Bath //// his ninety -fecofid year ^ when hi 
died in 1758, enjoyed a perfeSt fiati of healthy having 
had nothing fo much to regret, as the hfs of the only 
child he ever had; whofe reputation in the worlds and 
confiant affectionate behavior towards bim^ were tha 
chief confolcUion of his declining age. 

By his lafi will, Mr. Robins left the publifibing 
bis works to bis honoured and intimate friend Martin 
Folkes, Efq^. prefident of the Rcyal Society, and ta 
myfelf: but as that exaUint prfon had forfomi time 

been 
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been tendtred incapable ^ by a paralyiit difofderj of 
which be isjince deady of bearing a pari in this charge i 
Mr. Robin s\s papers were entrujied to me by his ex^ 
ecuior Mr. Thomas Lewis. 

And here I cannot forbear exprejjing my deepfenfe of 
the long continued and uninterrupted beneficence ^ Mr. 
Robins experienredfrom this worthy gentleman^ arif^ 
ingfolely from hisjuji difcernment of merits which not 
only infpired him with the high eft ejleem for Mr. , 
Robins, but alfo with a degree of friendfhip^ which 
neither time nor place could abate : his regard for the 
memory of his deceafed friend^ extending beyond the 
grave y was ft ill floewn in. a conflant benevolence to^ 
wards Mr, Robius's/^/i&^r during his life. 

What writings Mr% Robins left behind him^ that 
were delivered, to me, had been tranfcribed into one 
vo'ume in a very fair hand. This contained feparate 
difcourfesy all relating to gunnery. 

Thefe take up from p. MS to p. 315. They had 
been moft of them read before the Royal Society, 
whilft their author was in England. That entitled^ 
A Comparison of the experimental Ranges of Can- 
non, d5?r. dtp. 230, wasfent by him from Fort St* 
D^y'iAyjuft after. he was recovered out of bis fir ft ill^ 
nefs. It was, prefented to the Society the Tith e?/ J une 
1 75 1 ; and the letter y that accompanied if, was dated 
October J 6, 1750; in which Mr. Robins tells the 
preftdent^ This I here send, with another^ I intend 
by the next spring (when I hope to let you have 
the complete copy) will finish all I now purpose 
to publish upon the subject of gunnery, leaving 
the further completion of it to my future labours^ 
cither. .in this country or in Europe, The other dif^ 
vmrje mentioned in the letter ^ I take to be The prac- 
• tical Maxhns, and the complete copy to be the Ma'- 
nuscript^«/ into my hands, as far as Mr. Robins 
bad jkijbed it: which, I believe, would have been 
more complete , if he badfurvivcd any time longer : for 
as there are, added feme notesifo there were vacant 

fpaces 
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\fpace9 left, in order ^ as it Jhould Jtem^ to feUlW mrt 
notes / but death put a ftop to whatever he then fdrtbtr 
intended. ; ■ '" - 

Of the Practical MaxiTns;-tie;^/V**'^^rff «(?/ r^!^ 
hefore the Royal Society, there ar,e mdny copies^ ahrodd; 
and I collated mine with two of hers KWe^my-friend 
Mr. Glover furnifhed me with ; the other Mr. 
Nourse, who had it fome years ago of Mr. Muller. 
Tihe varieties in the readings I found to be very in* 
conftderable. 

This volume contains likewife Mr. Robins's New 
Principles of Gunnery, as he printed it (for it is not 
known, -what is become of the many improvements, he 
had made in it) with the account, that was given of _ * 
// in the Philosophical Transactions. And I have 
added an extract or two from his loofe papers, as alfo 
bis difcourfe on the height to which rockets hfcerid, 
together with another on the fame fubje^, written by 
bis ingenious friend Mr. John EUicott, fellow of the 
Royal Society, and clock-maker to his majejly » a per* 
Jon offtriSl honour, whofe inventions, in mechanics^ and 
reputation j^r exquijite workmdnfhip, in mU forts of 
' movements jhr regulating time, are jujlly celebrated, as 
well inforeigtktarts as at home. 

Mr. Vio\Ax)^^-difcouzfe of the nature and advantage 

of rifled barrel pieces, not having been communicated 

• to me, till almoji all this volume . was. printed off- I 

was obliged to give it there at the end, though fome-- 

what Out of its proper place. 

All the difcourfes, that had been read before the 
Royal Society, zvere to have been collelfed, and dedi^ 
cated by their author to the late prince of Orange ,• 
who had expreffed the highejl ejieemfor Mr. Robins, 
and his writings, as I learn by a letter of a noble per^ 
Jon, dated the 1 3th (/August, 1747> written from 
the Hague to Lord Anson, 

I mentioned before Mr. Robins having treated yf 
the geometrical part of his New Principles of Gun- 
nery; /c? be bad conjidered the effeSs of the air's re^ 

Jifianct 
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^tftmi€€ in regard to/jhip-building, Und the "wwhingef 
wjffih atfea ,• hut whatever be might have Jet dawn $n 
writing concerning iheje^ and other curious Md ujtfkl 

JuhjeBs^ he carried along ivith him tp the Indies ; of 
which I have not hen able^ during the many yea¥^ 

Jince bi4 deceaje, to get the leaji information. 



JAMES WILSON, 



London, May 20, 
I76U , 
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THE 

AUTHOR'S PREFACE. 

^ / 

AbouT a twelvemonth since^^J^ad some inten- 
tions of exhibiting a public cciurse of Fortification 
and Gunnery : and though, foFTra^pns not ne- 
cessary to be here mentioned* I aften^F^ds de- 
sisted frbm that design, yet, as . I had prpc^eckd 
so far as to distribute some manuscript copies o] 
the particulars, of which I proposed it to con- 
sist, I have thereby been in some measure en- 
gaged in the present undertaking. 

For, as I had resolved' to render this course ks 
complete as I possibly could, both by large ma- 
dels of different fronts of Fortification, and their 
different attacks, and by an experimental exem^ 

. , plificatio^ 

* This sentence seems to allude to a circumstance not no<- 
ticed in the preceding account of the author's life ; tIz. that 
on the establishment of the Royal Military Academy at Wool- 
wich, about that time, Mr. Robins was a candidate for the 
office of professor of fortification in it, but which was con- 
ferred on Mr. MuUer. On which, it has been said that Mr. 
Robins published hb discoreries and improvements in Gun- 
ne^y, to show, it was tiiougl^t, what sort of a man had been 
oyerlooked on that occasion. H. 

As 
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plification of the precepts of Gunnery with real 
Artillery, I found it necessary to insert under this 
last head a theory of the force of Gunpowder, 
and certain propositions relating to the resistance 
of the air, which I had discovered, and confirmed 
by experiments. But these principles being set 
down in the schemes, which I' delivered out as 
assertions only, without any account of the na- 
ture of the experiments' made use of for proving 
them, and being liable to great contestation, on 
account of their inconsistency with all the re- 
ceived opinions of the writers upon this subject, 
I thought it incumbent on me to clear up in a 
more particular manner any difficulties which 
might have arisen about them, and to evince 
their certainty by a number of unquestioned ex- 
periments. And this has principally given rise to 
the ensuing treatise, in which the force and va- 
ried action of Powder is so far determined, that 
the velocities of all kinds of bullets impelled by 
its explosion may be thence .computed, and the 
enormous resistance of the air to swift motions 
(ihuch beyond what any former theories have 
assigned) is likewise ascertained. And on these 
principles it will appear that the original velocities 
of bullets, when impelled by full charges of Pow- 
der, 
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der, and the track described by their flight, are 
extremely different from what the writers on 
these subjects have hitherto supposed. 

As the principal disquisitions of the following 
sheets relate to the force of Powder, and the 
flight of shells and bullets, it may not, perhaps, 
. be unacceptable to the reader to pemse a few 
particulars relating to the invention of Powder, 
and the history and improvements of Gunnery, 
and its sister art, Fortification ; especially as the 
nature and purport of what we shall hereafter ad- 
vance will receive some kind of illustipition, by 
being compared with the opinions which have 
formerly^prevailed in these enquiries. And though 
our immediate view is the promoting the theory 
and practice of Gunnery, yet the present me- 
thods of fortifying are so connected with the in- 
vention and management of Artillery, (these arts 
having in some measure given laws to each other) 
that I presume a short recital of the rise and 
changes of the modern military architecture will 
not be impertinently prefixed to an account of 
those powerful machines which first gave it birth, 

* 

With regard to the first invention of Bastions, 

A3 there 
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there are many opinions amongst authors, it being 
as yet a point undecided in what place and at 
what time they were first put in practice. Some 
have attributed this invention to Zisca^ the BohC" 
mian ; others to Achmet Bashaw y who having 
taken Otranto in the year 1480, fortified it in a 
pai'ticular manner, which is supposed to be the 
first instance of the use of Bastions*. But these 
are the positions of later writers. Tliose who 
wrote on the subject of fortification near t^o 
centuries ago, seem to suppose that Bastions 
were a gradual improvement in the ancient me- 
thod of building, rather than a new thought, that 
any one person could claim the honour of.— * 
Pasino in particular, in the first part of his book^ 
imputes the changes in the ancient fortifications, 
and the introduction of the modem foi^n, to the 
increased violence of the later artillery, without 
pretending that it was eflected at one time, or by 
one person f. So that I believe we cannot with 

certainty 

* Vid. The commentary of the Cheyalier Folard on Folj^ 
foius. Tom 3. pag. 2. 

+ Vid. Discours sur phisieurs poinds de VArdiitecture de 
Guerre conccrnants les Fortificatipns^ tant andennes que mom 
dernes^ &c. Par M. Aurelio de Pasino Ferrarois, arddtecte 
de tresMluftre Seigneur ^ Monseigneur le Due de Bouillon.-— 
Printed by Plantin 157Q. It appears by a copy of verses pre* 
fixed to the book, that this author fortified Sedan* 
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certaitity affirm more in relation to the invention 
of Bastions, than that they were well known soon 
after the year 1500, For in 1546, Tartalea pub- 
lished hii Quesiti 4* iifventioni diverse^ in the 
sixth book of which he mentions, that whilst he 
resided at Verona (which must have been many 
years before) he saw Ba9ti6ns of a prodigious 
size, some finished, and others building ; and 
there is besides, in the same book, a plan of 
Turin, which was then fortified with four Bas« 
tions, and seems to have been comp|[eted somt 
time before. 

And though we cannot certainly assign the 
time when the old circular Towers were first con- 
verted into Bastions, yet in all probability it did 
not long precede the date we last mentioned. 
For in the same book, the prior of BarUta, whp 
was himself a soldier, esteems Turin to be im« 
pregnable, and tells us that this was the general 
opinion of all men of skill ; he likewise makes it 
a question, if, in the fortifying of cities, the ge- 
nius of mankind was not arrived at its utmost 
limits of perfection ; which seems to evince that 
the invention was a recent one, and that it was 
greatly the object of the esteem and considera- 

A 4 tion 
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tion of his cotemporaries, as a new contrivance of 
this kind would naturally be. 

The first Bastions, such as those of Turing of 
Antwerp^^ and others of the same age, were but 
small, and removed at a great distance from each 
other ; for at that time it was the universal prac- 
tice to attack the Curtain, and not the Bastions. 
But a few years after there were introduced Bas- 
tions much larger, and much nearer together, 
than what had been constructed before ; as . ap- 
pears by the citadel of Antwerp^ which was built 
under the direction of the. duke D'AfvUy about 
1566, and which, by the frequent encomiums on. 
it in some early authors, seems to have been the 
first instance of this improvement. 

From this period, the modern practice of mili- 
tary architecture may be supposed to have taken 
its rise ; most of the improvements of the present 
times being little more than the putting in use 
such methods as were proposed within a few 
years of this aera ; for many celebrated authors 
flourished soon after, as f Zaj 7>ei//e, Alghisiy 

Marchi^ 

* ArUwerp was fortified about the year 1540, as we leara. 
from Speckle. Lib. I. chap. 10. 

f Yid. La maniere de fortifier Villes, Chasteaux^ et fair* 

autres 
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Marchif PasinOf and, above all, Speckle*^ who 
was one of the greatest geniuses that has applied 
to this art 

The better to judge of the pretensions of the 
moderns, and the merit of the systems of fortifi- 
cation now in vogue, we must enter into a short 
discussion of the various methods which have 
been proposed for covering the Flanks, and con- 
sequently for securing the Ramparts from the ap- 
proach of an enemy. For if it be agreed that 
the principal defence of a fortress is its Flanks, 
the best standard to judge of the merit of any 
system of fortification, is the manner in which it 
provides for the safety of the Flanks, against the 
efforts of the enefhy. 

Now the most usual contrivances for this pur- 
pose have been Orillons, Ravelins placed before 
the Curtains, HalfrMoons placed before the 

pointy 

autres lieax forts : mis ea Francois par le Seigneur de Bereil 
Francois de la Treille Commissairc cb TArtillerie. A L^on 
1556. This author was the first I have seen who proposed 
the Retired Curtain^ which has since been published by others, 
under the name of the Re-inforced Order. 

* Daniel Speckle was architect of the city of Strasbourg ; he 
died in the year 1589. He published a treatise of fortification 
k Germany which was re-printed at Leipsic in the year 1736. 
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points of the Bastions, and Contregards ; each &£ 
which we shall separately consider, both as to 
their use and antiquity. 

The Orillon is as old as the Bastion, since in 
Turin and Antwerp (mentioned above) Uiereis a 
lower tlank, which is cut out of the substance of 
the BastJDp, and has thereby a shoulder of a con* 
siderable thickness, to screen it from the Field*^ 
Batteries. But,* besides this, the drawings of 
Pasino^ Speckle^ &c. abound with Orillons of the 
same form with those now used, the only difier- 
ence being, that the modern ones are less massive 
than the ancient ones. This invention has had 
the good fortune to stand its ground in almost 
every system which has prevailed, although it be 
rather on the fame of the services it has formerly 
done, than for any advantages the moderns have 
received from it. For in ancient sieges it was 
the custom for the besieged to have a retrench- 
ment behind the breach, by which means the be- 
siegers were obliged to lodge themselves on the 
ruins of the breach, in order from thence to bat- 
ter the retrenchment. In this case the piece or ^ 
pieces of artillery, which being covered by the 
Orillon, could not be. dismounted, were of wont 

derful 
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derful service to the besieged ; and many instances 
might be given, Avhere the enemy have been hereby 
fo gauled, after they had lodged themselves in the 
ruins of the breach, that they have desisted from 
liieir enterprize. But as it is now no longer the 
fashion to hold out after a breach is made in the 
body of the place, and the ditch is near filled up, 
we rarely hear in the present times of ^y great 
feats performed by the Orillon. 

The Ravelins placed before the Curtains, (or 
Half-Moons as they are called in the modem sy- 
stems) were intended to protect the Flanks from ' 
cross shot, and to confine the batteries, which 
should be raised against the Flanks to the oppo-^ 
site part of the Counterscarp only, where they 
would be more exposed to the besieged, and 
more difficult to preserve. This invention like- 
wise is nearly as ancient as the art of fortification, 
it being to be found in great numbers of old 
places, and in almost every old writer, and is still 
continued in most fortifications. 

■ t 

But the ancient writers, whose principal care 
was the securing of their Flanks, did not rely 
solely on the advantages they received from the 

last- 
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last-mentioned invention. For though, by that 
means, the Batteries for destroying the Flank 
were confined to one place, yet they found, on 
examination, that on that place the enemy would 
have more room than was suflficient for erecting 
of his Counter- Batteries, and therefore they added 
Half-Moons before the points of the Bastion^ : 
these were intended to possess the ground to 
which the enemy's Batteries against the Flanks 
were already confined, and thereby to render the 
.construction of those Batteries still more difficult. 
However, they did not completely answer this 
purpose, and have been long since laid aside. 

The intention of Contregards*, which are 
likewise very ancient, is the same with that of 
the Half-Moons last-mentioned ; that is, the pro- 
tection of the Flanks, to which purpose (if pro- 
perly constructed) they are most wonderfully 
adapted ; for the enemy, in order to ruin the 
Flank, musit either plant his Counter- Battery on 
the Contregard itself, which, if the Contregard 
be of a proper profile, it will be impossible for 
him to do, or he must demolish a part of the 

Contregard 

* Pasino^ whom we hare mentioned above, claims the in- 
▼ention of Contregards, though thcj were afterwards much 
mended by Speckle. But the Contregards of this author were 
not before the Bastions onl j, but surrounded the whole place. 
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Contregard to enable his battery on the Contres- 
carp to view the Flank, which is a tedious work, 
attended with great hazard and difficulty. The 
same inconveniency likewise attends him, when 
he would batter in breach. 

' ' ' 't 

* \' 

But, notwithstanding the excellence of this in- 
vention, itha!sbeen almost entirely neglected in 
the modem system of a neighbouring nation.— 
There have indeed been two or three places forti- 
fied by the French^ in which there are pieces 
called by them Contregards, but they have no- 
thing but the name in common with those we 
here treat of. however, their experience of the 
efficacy of this work at Turin may possibly have 
induced them to think more favourably of it : for 
I have lately seen them adding Contregards to 
the old works of. a very considerable frontier, al- 
though it was before esteemed one of their com- 
pletest place9< > 

From all that we have said, then, it appears 

that the: covering of the Flanks was a subjefct much 

'Inore att^ded;to by the ancient engineers, than 

by those who have succeeded them; and conse- 

quently that the art of Fortification, has not rcr 

ceived 
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ccived from the moderns those great improves 
ments which unskilful writers would sometimes 
persuade us to believe : for, indeed, in the se-* 
curing; of the Flanks consists the greatest strength 
of a fortress ; since, though alt the other de- 
fences, by being exposed to the Field -Batteries 
of the enemy, should be ruined, yet, as long as 
the Flanks are entire, the Rampart of the place 
caimot be approached by the enemy : and, there- 
ibre, since this circumstance hath been so little 
heeded by some amongst the moderns, it must be 
owned, that the true principles of this art hare 
been very imperfectly comprehended by them.— 
For it has often happened, that they have dis- 
puted about a few fathoms in the length of a 
Flank, a Face, or a Curtain, or a few degrees' in 
the magnitude of a particular Angle ; when at the 
same time they have too much disregarded this 
most important consideration of all, the screening 
of the Flanks from the Batteries of the enemy. 

But this neglect hath been sometimes owing to 
the authority of erroneous maxims, one of which, 
in parttculari is, that* whatever sees, is itself 

seen ; 

* See this maxim urged yfith this view in Pagan's Fortifica« 
iion, Ckap. ir. 



\ • . 

THE ilUTHOR'S FRBFACB. 15 

seen; nrfaence it has been inferred, that, if the 
If'Jank can see the enemy, the enemy can ruin the 
JPIank with his batteries. Bat the faQacy of this 
reasoning lies here^ tha;t the Flank, if properly 
(Qovered, cannot see the enemy when he is in a 
situation where it is possible for him to raise bat* 
tertea^ but only when he gets in a place where he 
roust be exposed to the fire of the Flank, without 
baring it in his power to return it. For insfe^nce, 
a piece of cannon, covered by an Orillon in the 
common nmnner, cannot be seen by the enemy, 
till he is got over the greatest part of the ditch, 
or is mounting the breach, in either of which 
places it b impossible for him to raise a counter* 
battery : and the more complete the artifice is by 
whkh the Flank is screened, the greater will be 
the space in which the enemy will be thus 
Cbiposcd. 

■ 

Other engineers have endeavoured to underva* 
hie this art as ineilectual, and with this view they 
have expatiated much on the force of the modem 
methods of attack, and have declared, that no 
place, how artfully soever constructed, can stand 
before themr Withthesegentlemenitisamaxim, 
that when the Contrescarp is once lost^ the whole 

contest. 
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contest is in a manner over, and they endeavour 
to support themselves in this persuasion by the 
examples of places of great note, which havft 
,been reduced in a much shorter, time than was 
expected. If these opinions could be relied ony 
the greatest part of the money laid out in fortifi- 
cations would be extremely ill employed ; since si 
simple Rampart and a Contrescarp would fully 
answer the whole purpose intended. But the 
truth is, that when a place is well constructed, 
and skilfully defended, the taking of the Con- 
trescarp is but a small step towards the possession 
of the place*. Indeed the rashness and precipi- 
tancy of the <lirector of the approaches hath ofr 
ten intimidated a weak and ignorant governor ; 
but when the attacks have been thus eagerly 
hurried on against a place commanded by a brave 
and knowing officer, he has sometimes taken such 
advantages of these incautious steps, as have made 
them too fatal to be copied biy any pretending to 
prudence or humanity. By this means the easiest 

enterprizes have been often rendered impossible, 

' and 

* In the last memorable siege of Barcelona^ the loss of the 
Contrescarp (which was taken in a fortnight) did not deter- 
mine the fate of the town, the great resistance being after the 
body of the place was opened by seteral breaches. 
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and the pretence of gaining a day or two has 
o^ten occasioned the loss of the whole*. 

Besides those inventions for screening of the 
Flanks, which we have already mentioned, there 
have b6en others proposed of a different nature, 
which, by ^reason of .their singularity, have been 
less attended to ; such is the constructing of a 
Line, which should pass through the ditch, from 
the point of the Bastion to the' opposite point of 
the Contrescarp. This is mentioned by general 
Montecuccoli, in his Memoirs, as a method much 
less liable to exception than it appears to be at 
first sight f. But though a Line thus constructed 
will ddubtless cover the Flanks from the view of 
the batteries placed on the opposite part of the 
Contrescarp, and is itself very defensible ; yet I 
have never heard of its being put in execution. 

Another 

* Many instances of the difficultieis and hazards to which the 
jllHes were often exposed in Flanders, during the late war, 
may be seen in Landsberg^ who was then an engineer in the 
service of the States-General : these accidents, according to 
him, were generally owing to the presumption of the directors, 
who, under the pretence of expedition, contracted the front of 
their attacks, and thereby often left the enemy's works in 
their rear, which rendered their progress next ^ impossible. — 
Vid. NouveUe Maniere de Forttyiej* les Places. 

+ Vid- Memorie del general Principe di Montecuccolij^ pa^. 
116. 

B 
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Another way of securing the Flanks, is by in- ' 
terposing the Entring Angle of the Contrescaip, 
(or of the Ravelin) between them and the coiin- 
ter-batteries. This practice is described by £r- . 
rard of Barleduc*, and is by him said to be thd 
invention of the count of Lynar. And thbugTi 
some authors, who were ignorant of the advan- 
tages hereby proposed, have severely censured 
the having any part of the ditch hidden from the 
Flank, a circumstance which must necessarily at- 
tend this construction ; yet the greatest genius 
who ever applied himself to the study of this -art 
has thought it worthy of his imitation, the cele- 
brated fortress of Berghen-Op-Zoom having ifci 
Flanks in part covered by this artifice. 

But irn a proper soil there is still a more effica- 
cious defence than any we have yet mentioned ; 
and that is by the means of Contremines. For, 
supposing the fortifications of a place to be con- 
structed with no more art than what is necessary 

to 

* Vid. La Forifficafion demontr6e^ Lib. iii. Chap. H. Be:* 
sides this invention here mentioned, there occurs in this aiU 
thor, the contrivance of placing a Gallery under HSf Covcir^- 
Way, uith loop-holes into the ditch, which is practised at 
Tournaj/^ but more completely at Berghen»Op»Zoom, Vld. 
Lib. iv. Chap, vii. 



tet obUge an caemy to bring his batteries hn the 
GkciS; when he pwposes either to batter in 
breach, or to ruin the Flanks (which may be ef^ 
fected by a good Profile and a Ravelin before the 
Curtain only.) If the soil be free from water t, 
a considerable depth, it is always in the power of 
the besieged to iniin the batteries of the ehemy by 

, their Mines^ which inay be repeated too a number 
of times, in proportion to the depth ' of the soil : 
for these batteries being by supposition confined 
to one situation, tjie besieged can always be pre^ 
par^ for these operations before-hand, and would 
have infinite advantages over, an enemy who 
should endeavour to dig them out ; which, how- 

* ever, in such circumstances, would be his only 
resource, 

^ « - . 

' The first successful application of the blowing* 
of Mines in sieges, was in the kingdom of Naples; 
where Pietro deNavarre^ by this means, pQsses$e(jt 
himself of a fort garrisoned by the French, But 
the first celebrated use of these Mines, in pppos 
ing the progr4$a of the besiegers, was in the ye^rs 
1666^ 67>. 68, at the siege of Candia; not but 
they had been often practised in the defence of 
places before, though in a less memorable man- 

Bg i;er; 
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ner ; for, by the assistance of this invention priu- 

* • 

cipally, the city of Candia kept the whole power 
of the Ottoman empire at a bay for three years 
successively. Since that time the advantages of 
Contremines have been better understood. Tlie 
last eminent instance of their great usefulness was 
in the defence oiTurin^ in -the year 1706; for so 
effectually were the besiegers traversed thereby, . 
that, after near four months of open trenches, 
they were not in the possession of more than the 
Contrescarp, and even there, eleven pieces of 
their cannon were blown up by the defendants, 
but three or four days before the place was re- 
lieved. 

Before I leave this head, I cannot but in jus- 
tice mention the great improvement in the doc- 
trine of Mines, which is contained in that excel- 
lent Dissertation* annexed to the third volume of 
th^ French Poly bins. For nothing can be more 
complete than the manner in which the different 
stages of Mines are there distributed ; indeed the 
form there assigned to the excavation cannot be 

rigorously 

* Tliis, in the preface, is said to be the performance of mon- 
sieur de Valicrey Marechal des Camps, and captain-general of 
theminets. 
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rigorously what the author seems to suppose ; 
but this exception has nothing to do with his ge- 
neral rangcment of the Chambers, which is ex* 
tremely well contrived for the husbanding of the 
ground, and the annoyance of the enemy. 

I have already taker! notice of the defects in 
the writings of many of those who, amongst the 
moderns, have undertaken to form systems of 
fortification. But when I speak of these authors 
and thjeir copiers, I must at the same time avow 
the superior merit of the great Coehoorny who 
was undoubtedly the ablest fortifier that ever the 
world knew. This author has published two 
treatises on this , subject ; the first containing a 
method of fortifying a Pentagon, to which is 
annexed a project for the amending the fortifica- 
tions of Coevoerden. In his second,, he, has pro- 
posed three different manners of fortifying — one 
applied to a Hexagon, another to a Heptagon, 
and a third to an Octagon ; and he has besides 
added the manner of fortifying that side of a for- 
tress which happens to be contiguous to a river. 
In this work he has particularly examined all the 
possible attacks that can be formed against his 
proposed places, thereby to eyince the great su- 

B 3 periority 
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^eriority of his defences ; so riiat it is in some 
measure a discourse on the attack an4 defence of 
places, as well as a system of fortification ; and, 
iipon the whole, is the most excellent perform- 
ance that has evei^ been produced on this subject 
It was written in Low-Dutchy (the author^s na- 
tive language) but has been translated into both 
French and English, but very imperfectly; 
though in a new edition of the French transla- 
tion, lately printed in Hotlnndy manyof the errors 
of the former are amended, and some particular 
passages are cleared up by the notes of the editor, 
who-seems to have understood his author very well. 



, I 



I have been told by those who w«re well ac- 
*quainted with this great man, that his treatises 
"were far from acquiring him either the advantages 
or reputation which he might reasonably have 
hoped from them ; for that his cotemporary en- 
'^iheers. Wedded to their oM road, decried him as 
an unskilful, self-conceited ptetendcr ; but that he 
at last surmounted these effects of their envy and 
prejudice, by his defence of fort. William at Na^ 
mury when that plade was besieged by the Frendh; 
after, this, which established his reputation, he 
rose apace to the greatest military commands, 

and 



, I 



' THJE AUXHORS PREFACE. 9,3 

3,n4 iwniortalizfid hi5 name by his conduct of the 
fiege of Namur J under King William^ and after- 
wards aXBony Limburgy the citadel ofZiege^ S^c. 
And his dearth at the heginning of^the late war in 
Flanders was a very great misfortune to the 
allies ; of which almost every siege formed by them * 
after the year 1707 was a melancholy proof. 

Besides being entrusted Avith the <lirection of 
sieges, he was employed too in the repairing and 
new-modelling many o£ the Dutch frontiers.— 
His last work, which is left unfinished, was 
Berghen-Op-Zoomy which will always do honour 
to his memory. Though he is yet so little out of 
the reach of censure, that I have heard military 
men, even in that place, condemn, as imperfec- 
tions, those very circumstances whence it de- 
rives its principal defence. 

Considering the great fame which general • 
Coehoorn acquired in real service, it is difficult to' 
account for the little regard which hath been paid 
to his writings. The most natural reason I can 
discover for this neghgence, is the proneness 
which we have always shewn for the opinions of 
a neighbouring nation, who, whatever other goo(J 

. B 4 qualities 
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qualities they may have, were never famous for 
doing justice to the merit of those who were of 
another country, and were engaged in an interest 
opposite to their own. However, I presume, his 
reputation as an author is at present increasing. 
For I saw, not long sihce, in one of the most 
considerable frontiers belonging to France, a piece 
of fortification carrying on, which was evidently 
copied from the printed works of Coehoorn. 

_ / 

Though, with regard to the modern writers on 
fortification, I cannot find another to place in the 
same article with the great genius last mentioned, 
yet there are two authors on the methods of at- 
tacking and defending places, (a subject nearly 
connected with fortification) who merit the high- 
est applause : — I mean Goulon and the Marechal 
de Vauban, The first, in a short treatise, entitled 
Memoires sur VAttaque et la Defence des places^ 
in which he has very distinctly inculcated the 
principal maxims necessary in those operations. 
The other, in a work which he presented in ma- 
nuscript to the late King of France^ of which * 
copies getting abroaid, it was published four years 
since in Holland. In this book Mr. Vauban has 
very circumstantially described those parts of the 

attack, , 
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attack, which were more immediately of his own 
invention; such as the Batteries . 4 Recochtt^ 
the Parallels, arid a peculiar conduct of the Sap. 
Not but that he has likewise given very ample 
instructions on every other necessary head ; and 
the whole must be owned to be a. very masterly . 
performance, worthy of the experience and capa- 
city of its great author. 

It might, perhaps, be expected that I should 
here mention with approbation the skill of this 
last-mentioned engineer in the art of fortifying. 
But as he has never written any thing himself on 
this subject, that may excuse me from ranging 
him in the list of authors. But to speak the 
truth on this head, I cannot but believe, from all 
I have hitherto seen of his works, that he was 
much more, to be esteemed for his other talents, 
than for the fortifications he has erected. For 
though I have a very high opinion of his good 
sense and discernment, I do not conceive that his 
invention in this art was to be compared with 
that of his cotemporary Coehoorn. * 

Thus much may suffice on the origin and vari- 
ations of the present military architecture. We 

must 
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BiV&t aext di^uss what is more immediately con* 
nected with the purport of the ensuing treatise ; 
J mean the invention pf Powder and Artillery, 
with their respective improvements, and the dif- 
ferent theories they have given rise to. 

The invention of Qunpowder is usually a^ribed 
to one Bartholdtis Schwart:^^ a German Monk, 
who discovered it, as is said, about the year 
1320; and the first use of it in war is commonly 
supposed to have been by the Venetians against 
the Genoese about the year 1 380. But both these 
suppositions are undoubtedly false ; for a compo- 
sition resembling that which ^we call Powder is 
mentioned hy Roger Bacon^ as well known in his 
time, and he lived near fifty years before Schwartz ; 
and there are indisputably proofs of the use of 
Artillery much earlier than the year 1 380, 

Indeed, as the time of the discovery of salt- 
petre is confessedly uncertain, it is not to be 
wondered at, that ,the invention of Gunpowder 
should be obscure and unknown ; for these two 
discoveries are so connected, that it is difficult to 
conceive how the first could be long known be- 
fore the latter was found out. 

^ . The 
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The idislSnguiahing propiE^y of aaltpetFe is thie 
prodigious increase of inflammability whicAx it 
produces in all burning substances, when mixed 
with them; although alone r^nd unmixfid it vill 
i^either flame nor bum. $*Qr instft^oe, saUpeti^ 
put; into a crucible, and placed intl^ hottest fire, 
will only meltj und grow red hot, but wilUneither 
explode nor flame ; yet if any iAflammable xS.ub- _ 
stance (sulphur, suppose, or coals) be:thrown into 
it, a violent blaze will be instantly produ.ced, in 
which a part of the saltpetre will be consunied m 
proportion to the quantity of the iinfiammiable 
substance which was put to it ; . and ajifce ^ejcplo- 
sion will take place if saltpetre be thrown iUpoji , 
any ffire. Now it cannot be reasonably /supposed 
that this quality of saltpetre .could be vlong un- 
known after the substance itself w^ discovered • 
for the accidental dropping of any small part pf 
it into the:fire, would prove its prodigious es;plo- 
sive power when mixed with burning; bodies.-^ 
And this being lonce. observed, it w^ thfsnct,^ 
very natural tod obvious ithopgbt .to invent ^ 
composition of saltpetre mixed with any inflA.m- • 
mable substance which .wouldjbunimoriB^ violently 
than any known bfifoi:e : and. our pxfisent jCrua- . 

powder 
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powder is only the improvement and perfection 
of such a mixture. 

On this supposition, then, if we knew the time 
wheh saltpetre first came in use, we might give 
some guess when mixtures resembling our pre- 
sent gunpowder were first invented. Now the 
most general opinion on this head is, that salt- 
petre was first discovered either by the Arabians 
or the later Greeks^ about the middle ages of our. 
sera, when alehymy and chymistrj^ were eagerly 
pursued by both nations ; for its Arabic name is 
said to be expressive of its explosive quality ; and 
the Greek fires used in war by the later Greek 
Emperors (if the effects attributed to them by 
many authors are true) must have had saltpetre 
in their composition. 

Indeed some moderns (misled by a similarity 
of name) have supposed saltpetre or nitre to have 
been known to the ancients. But chy mists are 
now agreed, I think, that the substance men- 
tioned by sonle ancient writers, and described by 
Pliny, by the appellation of nitre, is a salt alto- 
gether different from what we call saltpetre. 

Now, 
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Now, that the first invention of Gunpowder 
(or of compositions resembling it) did long pre- 
cede the time of Schwartz or of Bacony and may 
thence be reasonably supposed nearly coeval with 
the knowledge of saltpetre, appears from Bsicon* 
himself; for it is not a new composition which he 
proposes, but the application of an old one to mi- 
litary purposes. And from his words it plainly, 
appears that a mixture of saltpetre with other 
substances was then vulgarly used for the making 
of recreative fire-works. And this appears yet 
plainer ^rom the treatise of Marcus Grtecus, en- 
titled Liber igniumjf; for this author describes 

two 

* Bacon tells us, that sound like thunder, and lightnings 
greater than those produced by nature, might be made by art ; 
and this many ways, by which a city or an army might be de- 
stroyed ; and he supposes it to be by an artifice of this kind 
that Gideon defeated the Midianites ; and haying in another 
treatise mentioned almost the same thing in different words, he 
adds, Kt edcperimentum httjus ret capintus ex hoc ludicro puerili 
quod Jit in multis mundi pariibus, soil, ut instrumento facto ad 
qiumtitatem poUipis kumtmi ex violeniia tlUus salis^y qui Sal 
Petr^ tocatur^ tarn horrihilis sonu^ nasdtur in ruptura tarn 
modiccc rei^ scil, rnodid pergameni^ quodfortis tonitrui exccdere 
rugitumy 4" corruscaiionem maximam sui luminis juhar excedit. 
Vid. Doctor Jc&i^V Preface to hi» edition of Bacon^s.Opus 
Mqjufi. ,. 

+ This is a manuscript in the possession of Dr. Mead; but 
what is here mentioned is quoted by the editor of Batman's 
Opus Majus in the preface. 
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iW0 kinds of fire-wofks^ otie for flying, and the 
other fof making a report The case or Car-- 
touichc (Tunica) for the first he directs to be 
made long and slender, and ^composition to 
he very close rammed ; die case for the second he 
orders to be thick and short, to be strongly tied 
at both ends, and to be but half-filled; and the 
xromposition he prescribes for both is two pound 
of charcoal, one pound of sulphur, and six pound 
of saltpetre, well powdered and mixed together 
in a stone mortar : and this will be allowed to be 
a stronger composition than what great quantities 
of Powder are every day made with. Now 
though the age of this writer is not well ascer- 
tained, yet it must have preceded the use of ar- 
tillery ; for he does not in any place (as I can 
learn) mention these compositions as used in war ; 
and as he pretends not to be the inventor of these 
serpents or crackers, (for such we should now call 
them) nor speaks of them as recent', we may rea- 
sonably presume they were in use long before his 
time. 

The first application of this mixture to military 
affairs seems ^ to have been soon after the year 
1300. Bacon's proposal (which was about the 

year 



J-'.-. J J •> 



\' 



Tint AtTftOR's P^£:i^ACS. 



94 



year 12S0) to make liaft of its cboitoous exJ)fIosk)n 
for the de^tructio'Df of armies, might give the firsft 
hint, which others mi^t afterwards putsue.— ^ 
SchwdrtZy instead of being the first inveiitor of 

f 

Gkiripowder, might possibly be one of the first 
who thus applied it ; and, indeed, the common 
accbiirit of the manner, in which he came at his 
invention, very much favours this opinion* : and 
perhaps the different improvements soon added 
by others, or the prosecution of Bacon's thought 
in different placeis, may have given rise to the dif- 
ferent dates assigned by historians for the first 
use of artillery. 

Gunpowder, 

* The usual manner in which it is told is, that Schwartz 
having pounded the materials of Gunpowder in a mortar, 
which he afterwards corered with a stone, a spark of fire accU 
dentalljr flew into the mortar, and the explosion blew the 
stone which covered the mortar to a considerable distance.— 
Now wc have proved that Schwartz^ who was a chymist, could 
not distorer the' composition . by this means, because it was 
commonly known before'; buf he mi^ht from hence be taught 
the simplest method of applying it in war: for Bacon seems 
rather to have conceived the manner of using it to be by the 
actual effort of the Hame against the bodies it might paeet with 
in its ex^nsion. The figure and name of mortars given to a 
species of the old artUie'ry^ iHfd their employment, (which wai 
throwing great stone bullets at an devation) rery much corro- 
borate this conjecture. 
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Gunpowder, for some time after the invention 
of artillery, was of a composition much weaker* 
than what we now use, or than that ancient one 
mentioned by Marcus Grcecus ; but this, I pre- 
sume, was owing to the weakness of their first 
pieces, rather than to the ignorance of a better 
mixture ; for the first pieces of artillery were of a 
very clumsy, inconvenient make, being usually 
framed of several pieces of iron fitted together 
lengthways, and then hooped with iron rings ; 

and as they were first employed in throwing stone 

« 

bullets of a prodigious weight, in imitation of the- 
ancient machines to which they succeeded, they 
were of an enormous bore. But the difficulties of 
conducting and managing these cumbrous pieces, 
and the discovering that iron bullets of much 
less weight than stone ones would be more effica- 
cious, if impelled by greater quantities of stronger 
powder, soon occasioned an alteration in the mat- 
ter and fabric of these first pieces, and gave rise 
. to what we style brass 'cannon, whichj though 

lighter 

* Fifle TartaleaAn his Quesiti 4* InverUiofit, Lib. 3. Quesito 
5. Tvherc there are set down twenty-three different ccom posi- 
tions made use of at different times ; the first of which, being 
the most ancient, contains equal pdrts of nitre, sulphur, and 
charcoal. 
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lighter and more manageable, were yet much 
stronger in proportion to their bore ; by which 
means they would endure great charges of a bet- 
ter powder than what had first been used; and 
their iron bullets, (which were from forty to sixty 
pound weight) being impelled with greater velo- 
cities, Avere more effectual than the weightiest 
stones could ever prove*. 

■By 

% 

* The time when this change took place, and the advantage 
arising from it, are mentioned by Gutcciardin^ who, speaking 
of the French army intended for the inyasion of Itali/y in- the 
year 1494, says, 

Etper umrsi con questo eserdto erano state condotte 

p^r mare a Genoua quantita grande d*artiglierieda battere le 
muraglie^ 8f da usare in campagnuj ma di tal sorte, che giammaz 
non havcva veduia ItaWa. le simiglianti, Questa pesie trovata 
moW amn innanzi in Germania, fu condotia la prima volta in 
Italia da* Venetian! nella guerra^ che circa Vanno delta salute . 

1 380, hehbono i Genouesi con loro, // nome deUe 

maggiori era bomharde^ le quali^ sparsa dopo questa inventione 
per tutta Italia, s*adoperavan6 neW oppugnationi deUe terre^ 
alcune di ferro^ alcune di bronzo^ ma grossissime^ in modo che . 
per la macchina grande^ 8^ per Vimperitia de gH huominij Sf 
mala aititudine de gV instrumenti tardissimamente Sf con gran^ 
dissima difficult^ si conducevano^ pianiavansi alle terre co^ me* 
desimi impedimenii^ Sf piarUate era dalV nn colpo aW aUro tarda 
intervallo^ che con piccoUssimo frutto^ a comparatione di quello^ ^ 
che seguito dopo^ molta tempo consumaoanqy donde i defensori 
d^\luoghi oppugnati hayevano spatio dipotere otiosament^ fare 

di 
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By this means, powder compounded in the 
' same manner which is now practised by all Eu-: 
ropCf came in use *. But the change of the pro- 
portion 

di deniro ripari Sf fortifadiom ■ Ma i Francesi/adr/- 

amdo pexzi mcMo piu esped^i, n^ cT tdtro che di brcmso^ i fuaU 
tkimnaooho Cammm^ 4r ^^cu^ polk di ferro^ dove prima di 
pietra^ Sf senza comparaiione piu grosse Sf di peso gravissimo 
s^usavanoy It conducevano in suUe curette^ Urate (non da buoiy 
eame in Italia si cosiumaoa) ma da caoalli con agaHii tale d'ua^ 
ptiniy Sf d'imtrumenii depuiati a questo servijgioj dte fuad sem-' 
pre al paride gli eserdti carnxnaoanoy Sf condotte aUe muragfie 
erano pianfate con prestezza inciedzbile^ et interponendosi daU* 
un colpo tdt* aUro piccolissimo intervallo di iempo^ sk spesso^ Sf 
con impeto si gqgliardo percuotevanoy che quelio che prima in 
ItaSi^fare in moUi giorni si solevoy da lore in pochissime hore si 
Jaceva. Vid. Guicciardin's History, L. 1. p. 24. 4to. Venet. 
1562. What this author observes of the prodigious size of the 
stone bullets used whilst the old pieces were in fashion, will be 
better understood by knowing, that when Mahomet the second 
besieged Constantinople^ in the year. 1453, he battered the 
walls with stone bullets, and his pieces were some of them of 
the calibre of 1200 pounds i but then they could not be fired 
more than four times a day. 

* We learn from TartakUy that the cannon powder in his 
time (polvere grossa modema) was made of four parts salt, 
petre, one part sulphur, and one part charcoal ; and the mu8« 
quet powder of forty-eight parts saltpetre, seven parts sul. 
pbur, aiid eight parts charcoal ; or of eighteen parts saltpetre^ 
two parts sulphur, and three parts charcoal. These compos!, 
tions for musquet powder are very near the present standard ; 
the first having in one hundred pounds of powder about one 
pound of saltpetre more than is at present allowed, and the se* 
cond three pounds more. 
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pOFtipn of the materials composing it, wa^ not the 
o^ly- ipiprovement it received. The invention of 
graAVipg it is doubtless ^ considerable advantage 
to it; fpr powdei: at first was always in the form 
ojf fine me^d, such as it was reduced, tp, by -grind- 
in^ the. matieri^ls together. And it is doubtful 
wh?tha: the first graiuing of powder wa§ intended 
' to inc?i;ease itSi streu^tli, or only to render it more 
cpQvenient for th^ filling into small charges,, and 
the (;ha,rgiag of small aj;ms, to whrqh alone it was 
applied for many years, whilst *meal-powder was 
still made use of in cannon. But at last the ad- 
dition^ ^tr^ngth which the grained powder was. 
found to acquire from the-free passage of the fire 
between the grains, occasioned the meal-powder 
to b^ ei)ttU(ely Is^d aside *. 

The 

* That powder was first used in meal,' and that long after 
ifae invention of graining it for the use of small arms,, cannon* 
powder continued in its old form, are facts not to be contested* 
Tdrtalea^ in his Quasiti, L. 5, Qua, 9 and 10, expressly as. 
serts, that then the cannon-powder was in meal, and the mus- 
^v^et-powder grained. And our countryman, WUliam Bourne^ 
in iii^ Art of Shooting in great Ordnaunce, published forty 
years, after Tartalea^ tells us in chap. 1. that serpentine pow- 
der (which he opposes to corn or gr^ned-pow'der) should be 
M fine as sand^ and as soft as flour: anA in his third chapter 
he ftays that two pounds \>f corn-powder will go as far at three 

■ • * poaiids 
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The formation of artillery hath been very little 
improved in the last two hundred years ; the best 
pieces now cast not differing greatly in their pro- 
portions from those made in the time of the em- 
peror Charles V. indeed, lighter and shorter 
pieces have been often proposed and essayed ; but 
though they have their advantages, and are ex- 
tremely useful in particular circttmstances, yet it 
seems nvow to bci^ agreed that they are altogether 
insufficient for general service*. But though the 

proportions 

poands of serpentine-powder. Also Sir Henry Manwayring^ 
in his Seaman^s Dictionary, presented to the Duke of Buck^ 
ingham in the time of Charles I. under iYi^'^oxd, powder^ tells 
us, thsre are two kinds of pozcder^ the one serpeniine-powdery 

tchich poipder is dust (as it were) without coming The other 

is com^powder ; though he informs as the serpenttne-powder 
uras not used at sea. Indeed, when that book was wrote, I 
believf , powder way usually corned, for the foreign writers oa 
artillery had long before recommended its general use. 
I,* Since the time of Mr. Robins, lighter cannons, but of 
wider bores, and consequently heavier shot, have been much 
used, especially for the sea service. Indeed Mr. Robins him* 
self, some yearo after th.e above was written, proposed to the 
Admiralty a regulation of. that kind, being the 8th paper in this 
yol. . at p. 279, &c. .Those new pieces have been introduced 
chiefly under the denomination of Carronades, a species of« ord- 
nance very short, ))at of a large bore, and having little or no 
windage. ,Thes^ weri^ at first introduced as pieces possessing 
lome peculiar and mysterious qualities, by which, with little 
powder, they could throw 9> very large ^^ot to a great dis* 

tance. 
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proportions of artillery have not been much varied 
within that period, yet its use s^nd applicatipn 
have undergone considerable changes, the same 
ends beiijg now generally pursued by smaller 
pieces than. what, were formerly thought neces- 
,fiary> • Jhus the J)attering-pieces, now universally 
9.pproved of, arer the demi-cannons, carrying a 
ball of twenty-four pound weight ; it being found, 

# 

by experience, that their stroke, though less vio- 
lent tlian that of larger pieces, is yet sufficiently 
adapted to the strength of the usual profiles of 
fprtification, and that the facility of ^heir carriage 
and iti^agement, and the ammunition they spare, 
give them great advantages beyond the whole 
cannaas formerly employ^ ip^niaking breaches. 
*The method too (liow generally followed) of 
forming a breach, by first cutting off the whole 
'wall as low as possible, before its upper part is 
■'],[,, ^, attempted 

tance. I'he fact is, ^ef small degree of windage confiaea ^e 
whole etfect of the powder to ihe ball itself, irhkh is in a gre&t 
measare lost ia the old guns ; and the greiit wdght of the shot 
enables k much better to overcome the resistance of the atr^ 
and^consequently fo range the. farther.V ^And the hint of tliese 
advantages and constructions was probably taken from experi- 

• ments made by myself in the year 1775, with Mr. Spina's 
ballistic pendillnm, and which were published in the Philoso- 

vpbical Transactions of the year 1778. H. 

C 3 
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attefnpted to be beat dbwn, seems alsb t6 ht a 
considefablfe tnodisrn improvement? in the practi- 
cal part of artillery: for I do hot remember to 
'have sefen this procedure recommended by any 
"Ancient auth6r; and Gabriel: Busca^i Who 
boasts much of his great experieiice, expressly 
directs ilttb cTohtrary. Indeed Cotlado mentioM it 
'as the practice^ of the Turks\, but it is without 
'COhimending it, t)r proposing it as an example to 
bfe Mowed. '■ 

But the most important improvement in the 

practical 

* Vid. His tnstruttione clS^ Sombardieriy ptinted at Carmag^ 
ndtu hi ld84, cap. xxxrii. in "which pflaicfe he oirders the breaeh 
'{to be. begun )xt!the upper part ^f the wall^ and from tiience t6 
.be continued downwards. 
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^' *+ Vid. Pr&iica MmwtUe di Jrtiglieria dal, Mag, Stgnar 

; JUd^ CoUado Hispano^ Bettico^ Nebrisenscy printed at Venice 
in flie year 1586, cap. xx. where he says neUe fatii^ni del 

'^pran Tare^ ^- < •• * • wmpre « adopermio i pexzi —r — da tagOure 
ie muragiie per. tH Mie di^sw troMfceratdmante^ et dfyw di alio 
in 'bm$o a perpmidtooio, 4* appHcandoti poi iutti a tm traUo i 
^mUM:hi^ om €he f&ruio coBcar giu quclla parte di nmragUa €ke 

^ryi giA iagkaia. -This book bene quoted was composed atid 
pu^lfobed in liMitet/iyaikhongh the author was a Spaniard. Biat 
he semsd as an engiticct in the Spanish ^tmy in Jtiali^. XM he 
tells us In bin preface, that he toon intetoded to re-publu^ it in . 
Spamsh; which last edi^on is, I pneiiime, what is quoted bf 
Biondel^ in his Jri de jetter les Bombes. 
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practical management of artillery (for of the sci- 
entific part we shall treat by itself) is the method 
of firing with small qnantities: of powder/ and 
elevating the piece so that the bnltet^ in its de^- 
scent, may just go clear of the parapet of the 
enemy, and drop into their works. By this means^ 
the bullet coming to the ground an a sn^U ang^, 
and with a small vdocity, it either bounds or 
rolls along in the direction it' was fired in ; and, 
therefore, if the piece be placed in a line with the 
battery it is intended to silence, or the front it is 
to sweep, each shot rakes . the whole length of 
that battery or front, and has thereby <inJ5nitcly 
more chance of disabliiig the defendants, and dis- 
mounting theit cannon, than it would have, if it 
was -fired against the same /works in the common 
manner/ This disposition of artillery, which is 
indeed a most useful one,^ is the invention • of th? 
Mdivcchal de Vau bony and is by him styled Bat^ 
terie h ricochet^ , and ^was first put in prabtzbe at 
the $iegc x)£ Aeth, in the yearf 1692 i ; 

•■'•.; 'A ' • - After 

* Vid. his book'jDe tAttaque Hla Defence des places. 

+ Vid* the Journal of thb si^e, printed at the end of ^e 
lost tdition of GeltM^4 Memoivrs. 

G 4 
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After this brief recital of what lias been done 
in :the mechanic part of Gunnery, we must next 
mentionthedifFereatthcorieswhichhavebeenfrom 
time to time advanced in relation to the motions 
Qf;shells aind bullets; in which enquiry we shall 
nqt, indeed, find many things worthy, of appro- 
bation,;or even of attention ; but, however, as it 
is a them^e in' some, measure connected witli the 
sujbject. of ithe. following treatise, we must beg the 
reader ttiudulgeiace. 



■ • 



Tbc-.fot author I liave seen, who has pro- 
fessedlyMWfi!tten:on tlie flight of cannon-shot, is 
Tarkaha^-) a celebrated ^Italian mathematician, 
famoi^ for having invented the;method of solving 
cubic, equations, which. •■ is usually ascribed to 
Cardan., This author, in his Ntrtxi Sciential 
pimted2X Venice in theyear 1537r and after- 
wards;. \:in his Quesitl et Invert t^oni diver si^ 
printodiiit^tliesanie.placein 1546, ha^i professedly 
discussed sev^eral particulars relating to the theory . 
of these motions. And though the then imper- 
fect sti^te of mechanics furnished him with very 
fdUacipus principles to proceed on, yet he was not 
altogether unsuccessful in his enquiries ; for he is 
supposed to be the first who asserted that the 

greatest 
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greatest range of projectiles was at an elevation 
of 45^ • He likewise determined (contraiyto the 
opinion of practitioners) that no part of the track 
described by a bullet was a right line, although 
the curvature was in some cases so little, as not to 
be attended to, he connparing it to the surface of 
the sea, which, though it: appears to be a. plain, 
when partially considered, is yet undoubtedly in- 
cur vated round the centre of the earth. He also 
assumes to himself the invention of the gunner s 
quadrant, andhas often given shrewd guesses at 
the event of some untried methods which were 
proposed to him^ nBut as. he had never been con- 
versant in^the practice of artillery, but founded 
his opinions oh speculation only, almost all the 
writers who succeeded him wfclre perpetually carp- 
mg at limn, tlitmgh often without naming him ; 
of»whibh many 1 examples might be given, frbin the 
'works of. Busea, Collado^, UfanOy Sithienomcz^ 
• '' ■. '' -•-■ -Sic, 

^Caiiadoy ^ap. Ixiii. denies thkt T'ar/oi^a -waft the inre^ttn^f 
the gonn^rf s, i^u^drai^t, and jquQtes Daniel] Santbe^ qr- RtCjS^o* 
montanus (for he confounds them) as having known it many 
years before. But the truth is, that 5a7i/6«cA'^ book, from 
whence Jbis quotation is taken (Problematum Astronomicorum 
Sf Geometrkorum sectiones septem) was not printed till the y^r 
1561j which was long after TarioUa, Nor did Smtbechf 
though he talks of the different eleratibns of artillery, Shiqw 
the method of framing a quadrant proper for his purpose. 
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&c* And the philosophefs of those times often 
intervening in the questions hence arising, there 
Were hereby many disputes on motion set on foot, 
(especially in Italy) which continued till the 
time of GaliieOy and perhaps gave rise to his ce* 
lebi^ated dialogued on motion, which were first 
printed in the year l63$fc And in this interval, 
or before the doctrine oiGklileo was established, 
many theories of. the motions of military projec- 
tiles,' and many tables of their comparative ranges 
at different elevations, vere published ; all of them 
egregiously fallacious, iuid utterly irreconcileable 
with the motions of those bodies, although some 
of them were the labours of such who had spent 
the greatest part of their lives in employments 
relating to the artillery. Such were the tables of 
UfanVy ofGaieuSj ofUlPicky <§"6V taken notice of 
by Biondel* : to which might be added many 
more not mentioned by that author. Indeed 
there have been very few ancient writers on this 
svbjeet (and they b^ a numerous s^ct) who have 
riot itidulged themiselves in some spedulatlons oh 

' *■ the 
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* Note, the opinion discussed by Blondel, in liis Art dejet" 
ierles BombeSy cap. v. is not originally of ttivaltiwy whom 
Mondel quotes for it, but of the last-mentioned SanXbiA, 
from whom Rivattm stole it Vid. Santbech^ sect. 6. 
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the ^iflfeii6bce betwixt iiatural^^ viotent, and tnixt 
teotit^ns; although in thi$ a^plkation of these 
ttiirtarken 'fefitibtis «carce atiy two of them agteedi 

• • r . • 

But V^hat ii inodt i\kdSi^, is^ that^ during these 
contests, «o few of ^o^ who were entrusted with 
the dhal^ of artillery shouW tWiik it worth white 
to ekaiftitie- their respective theories by pf ©pet ex- 
peritnents. However, thus it has happened ; for 

I do not reihembet to have met with more than 

f 

four authors Whe havfe actually tried the ranges 
of shot and iheHs at different elevatibfts. > The 
first of these is Celldtto^ who has given us the 
inatiges bf- a falconet carrying a thr^e pound shot 
*to each point Of the gunlier's quadrant : but, 
■ft^m his : nCimbers, it is manifest that the piece 
was not charged with its customary allotment of 
powder*. The next is our countryman, Boumt, 



m 



* The reisuYt (>f hift trials was, ikat tlie'point blafak thot ex- 
tended 268 paces. At a^ eleviaiion <tf oMe point f^kkk is the 
twelfth part of the quadcalit, «r '7|^) the )ratige was 694 paces ; 
' at te 'elevation 'o^tt^points, the I'ange was 7j)4 paces; at 
three pokits, 1954 paces ; at four points, 1010 paces ; at fire 
points, i040 pades ; and 4t six poii^ts, 1053 paces. . The range 
«t the ^e^iitii peint fell between those of die tiiird aad fourth ; 
at the e%hth point It fell between the ranges of the stcond and 
thirl; at tile nin^ point it fell between the ranged of tiie firet 

and 
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in a treatise printed the next year after Collade. 
Hiai elevations were not rejgulated by the points 
jdf the gunnei*'s quadrant, -but by degrees ; and be 
ascertains the proportion between the ranges at 
diffei^nt elevations, . and the extent of the point 
blianl: shot*. . But he has not informed us with 
what piece he made his trials ; though, by his 
proportions, I presume jt must have been a small 
one. It were to be- wished that he had. set down 
J this circums(tance I' for we^ shall hereafter sliew, 

that the relation between the extent of different 
ranges will vary extremely, according to the velo- 
city and density of the bullet. The other two 
which have occurred to me are Eldredsitid An-- 
derson, both Englishmen ; the last Qf^these hav- 
ing vitiated his experiments by his too great alj- 

f tachment 

and secK^d ^ at the tenth point it fell between the point blank 
distance and that of the first point ; and at the eleventh point 
it fell very near the piece. Fid. Cap, Ixi. And note, that the 
paces us^d by this authorArc not geometrical paces, but com-* 
• mon steps, as he informs u«L€SQ(p*xUt^ . .: ):r 

* If 1 represents thei.cictent, of thei point bUnk shot^ then, 
Itccording to this author, the range at 5® .will be 2 J, at 10° it 
will be 3|, at 15^ it will be 44., at 20^ it will be 4^, and tb« 
greatest random will he.5i; which greatest random, he tells 
lis, in a calm day is at 42*^ ; but according to the strength of the 
wind, and as it fa?ours or op{)Oses the flight of the shot, it m^y 
be from 46° to 36°. Fid. His aft of shooting* in great ord- ' 
naunce, Cap. vii. II. 



THV AUTH0R*S PRJSFACEv 45 

tachment to an erroneous theory, I shall have 
occasion to mention him hereafter. But Eldred^ 
deserves a better character: his principles were 
sufficiently simple, and though not rigorously 
true, they were, within certain limits, near the 
'truth. He has given us the actual ranges of dif- 
ferent pieces of artillery, at smalt elevations, all 
under ten degrees. His experiments are nume- 
rous, and appear to be made with great care and 
caution; and he has honestly set down some 
which were riot reconcileable to his method : and, 
upon the whole, seems to have taken more pains, 
and to have had a juster knowledge of his busi- . 
ness, than is to be found in many of his practical 
brethren j fdr they have been generally too much 
attached to some incorrect theory, or to the 
common usage which they have always followed, 
to think of extending their art by proper experi- 
ments, or, indeed, to conceive that it was not al- 
ready complete; it would otherwise have been' 
impossible that positions so little to be reconciled 
with experience should have held their, ground 

so 

* His book h entitled the guvnor's olassis, and the 
experiments he relates were most of them made at Dover-Cos^ 
ikj* of which place he was many years master-gunnel*. The 
earliest date 1 find to any of his experiments iS'1611, but his 
Ibook was not published till 1846. 
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SO \Qug as tl^ey Jj^ve dpue ; a remarkOibile instance 
of which is the doctrine which has taken place 
m this suhjecj^ since the time pf Galileo. 

Gc^lileo printed his dialogues on n^Qtion in th^ 
yewr 1^38, ^9 we have a^eady observed ; and in 
these he has pointed out the geB.eral laws ob- 
served by i]^aturQ,in the production and compost* 
tiou of motipn, and wa^ the first who described 
the actiQn ^nd effects of gravity on falliijig ho-% 
4i^ ; and od these principles he determined that 
the flight of a cannon-^hot, or of any other pro- 
jectile, would be in the curve of a parabola, un- 
less^ so far as it were diverted from that track by 
the resistance of th^ air : aqd what inequaUtie& 
would thence arise, he has proposed the mean^ of 
examining; for he has described a n^ethod of 
d^overing what sensible effects that resistance 
would produQp in the motion of a bullet at i^on^c 
given distance from the piece. 

I 

When Galilee^ had thus shewn, that, indepen- 
dent of the resistance of the air, all projectiles 

would in their flighj^ describe the curve of a para- 

/ 

bola, it might have been expected, that those 
who came after him would have tried how far the 

real 



real motions of projectiles deviated froiD a para- 
bolic tracdc, in order thence to have decided whe- 
ther the resistance of the air was pr wa3 not ne- 
cessary to be attended to in the determitiations pf 
gunnery. But, inatead of thi^ cautipus prpce^^ 
dure, the subsequent writers on gunnery have 
boldly asslerted (without an experimental exami- 
nation) that no considerable variation could arise 
from the resistance of the air, in the flight of 
shells or cannon-shot ; supporting themselves in 
this persuasion chiefly by the consideration of th? 
extreme rarity of the air, compared with the dense 
and. ponderous composition of those projected 
bodies. And hence (this maxim of the incpusi-r 
derable effects of the air's resistance to the mo^ 
tion of shelb vand bullets, being continually re- 
peated and copied by succeeding authors,), it i$ 
now become an axiom almost generally acqui- 
esced in, that the flight of these bodies is neaiiy 
in the curve of a parabola. 

For in the year 1674, our countryman, Ander- 
son, published liis treatise of the genuine use and 
tffecU of the gun, in which he proceeds on the 
principles of GfflileOy and strenuously asserts the 
flight of all bullets to be io the cmv^ of a para- 
bola; 
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bola 5 undertaking to answer all objections that 
could be urged to the contrary. And in the year 
1683, Monsieur Blondel published at Paris 
liArt dejetter les Bombes, wliere the doctrine 
of Galileo is likewise applied to the motion of 
shells and bullets of all kinds ; and the variations 
of this doctrine, which can arise from the resist- 
ance of the air, are particularly mentioned ; and, 
after a long discussion, the author concludes, that , 
they will be so;veiy minute, as scarcely to affect 
(he accuracy of his conclusions*. , Also the same 
subject is treated of in bur. Philosophical Trans- 
actions f, by Dr. Hallet/y who, swayed by the 
consideration of the very great disproportion be- 
, tween the density of bullets and of the air, thinks 
it^reasonable to believe that the opposition of the 
air to large metal shot is scarcely discernible ; 
although in small and light shot he acknowledges 
that it 'Ought and must be accounted for. 

In consequence, then, of these opinions about 
the inconsiderable effects of the air's resistance on 
heavy shot, and the demonstrations of Galile&j 

that 

* Vid. page 345 of the first quarto, edition, at the b.OjttoxiQ ; 
also page 355, and following. 
+ Vid. No. 216. p. 68. 
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th^tall projectiles moved in the curve of a para^ 
bola, if they were not disturbed by tjiat resist- 
ance i 1 1 : is now: an opinion generally advanced 
by the^iwiriterd on the theory of :Gunflery, that 
the ili^fe.of shot and shells is nearly in the curve 
of a. parabola ; for the truth of whichy wt may 
appeal to. the s professed- authors :C|i:tfeis subject^ 
who : have wrote within the last forty, years. 

■ • 1 ■ » ■ ■ • . ' .* .1.1 

. But though' this hypothesis went smoothly on 
with tliosef! who contented themselves^- with spe- 
culation x)»ly, yet Anderjottjwho mid^ A gxezt 
number of. tiiab, fouud it impossible, to support 
it without some ne^ modification. . For though 
it does, upti af^je^r-thj^tjhe ever examined the 
comparative ranges; of eitlv^r cannon or musquet- 
shot,: when fired withitheiv usual velocities ?; yet 
his experiments on;, the ranges pf shellsf tferowtii 
with small volocitieaf( in respect of thPis6;last mean 
tioned) convinced him that their whole '^rack was. 
not piraboUcaVi as appears ;by his itreatisc, inti* 
tuled, To hit a mark, published in the year ififlO^ 
But instead: x>f making tiae proper inferences from 
hence, • and discovering the resistance of the air 
to be df cobsiderable effic^.cyj he, frotji his great 
attachment to his .first opinions^ ifi^amed a new 

D . * hypothesis, 



hypothesis, whith wa8> that the shell ^^ bullet^ at 
its first discharge, flew a certain dbtAhiCfe in a 
inght Ita*, fr6ta the end of which Bfte linly it be^ 
gBln t6 %tehd into a parabola. And this Hgiilt 
Khe, which hie calls the litte bf the Itnjwilsb oFtht 
fii^, he stiluses to bre theeamein;all>eleva(ions« 
By this hy*pothesil9 (though an indefedsibl* Mae) 
it was alwayi in his power, by assig;tiing a; proper 
magnitude to this line of impulse, to reconcile any 

• • 

two shot ihide kt different, angles, howwefr oppo- 
site they tnJght ^rO'^e fco thfe <com«lion^ri»ncipi*8{ 
&it e^^eh this newf^mod^ted tfteoryiwas tiotj^I 
bl^liev*, G6nArfhed by his f()4fc)^i«g exp^riM*«««'t 
for he hafs no whc^ ventured to ^ve iisekperi« 
inenfe ef thre^ mtiges made at thttee diflfereftt ^ele* 
vatioiiis wtth the saiiie ^an tity >of |>owder' t m 
findiiag, T |>resume, that t^o^igh b;y this acbtoie 
he could ir66<9nci1e two jarring Targes, theirreguh 
laiities 0f>4hre6 Were insuMid^in^ahie. Aiid if ' 
ffich ineqfuatides were /produced by the Tedstamde 
of the air id the motion oP a shell impelled from 
a 'mOrtar by an inconsiderable qaantrty of pow« 
4er, what imtiy not the action of tAieair be sup<^ 
pcised to effect in the motio^BiS of bulldts, whick, 
%6ing irtiprtted by a full <jharge of powder flirou^ 
a niuch lon^r cylitider, m&ft periiiaps three tst 

' four 



«■!. 



ibur times as fitst, and ccmseqpieiitiiy undergo near 
fifty times the- resistance, as will be moi:e particu^ 
lark evinced heneaf^sr. . 



I • I 
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That the resistance of the air, which acts with 
«uch prodigious poW^r o& all swift bodies, should 
be entirely unattended to by! the practitioners in 
Gunnery^ is not the only remarkable circumstance 
which occurs in this enquiry ; for after the pubt 
licatfon of Sir haac Newton's Phiiosephia JSTafw 
turalis Principia Mathematical it might have 
been expected that all mathem^ticiaxis should 
have been convinced of it* ehergy ; since in that 

• . * * ' 

immortal work the law and 'quantity of this re; 
sistance to slow motions i^^ detentuned, and coxij 
firmed by many experiments. Indeed the same 
aw, when extended to swift motions, will be de- 
fective, and will exhibit the resistance greatly 
short of what it really comes out by experiment^ 
(of which Sir Isaac N^ton himself has given us 
wiunin^;) yet, evcai upon his principles, it ivoutd 
appear that the action of the air on bullets is by 
far too considerable to b? neglected. But, not- 

withfitaading this obvious proof of tbic iieces^iiQr 

of 

* Tid. Pha. Nat Prin. Math. p. 351. L 17. 

D2 
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of considering the action df tl\e^air .on military 
projectiles,' I can recollect but -one instance Vher^ 
any computations foundedtxaSir Isaac.Newtqn's 
doctrine, have been applied to these motions*. 



• • • » 



l^i To sum :up now at. bocC; all j»fo hew intend to , 
observe on thisi head,.vit .appears that - the modem 
writers on:. the vkrt jof ^Gunnerj^ have- l?een very 
much deceii^ed^' in si4pp9sing rthc' resistance of the 
air to be inconsiderable^ and .thence -asserting, 

.•"■'. \\'\ ... -v', r" :that . 

' • Vid. Cofnm. Acad. Pbtrop. Tomia.' p. 338. 31(9. 
. f Bei^des thejobseryatiops ofSrr I. Newton^^ above noticed, on 
' the rcsis^ncc of the air to projectiles^ ani, the path they describe 
through it, other' philosophers likewise, and after him, have 
made some remarks oti the same strbjectv Hmygen5hi^sh6wn, 
^ftt if the resistance were proportional to ihc yelocil^ of the 
ixipying body, the path described woiild, be a kind of logarith- 
mic cunre ; but that law of the velocity has no place in nature ; 

' « « ' ■ ■ ■ 

the trne law beiDg as the square of the velocity in slow tto- 
tk>ns, and in 'a much higher degree in swift ones. The pro* 
blem was proposed in 1718, by Pr. KeiJ, to Mr^ Joha]Ber- 
noulli, who gave a kind of solution to it : another was ^so ' 
ifhren in Herman's Phoronomia ; and a third by Dr;:BYOok. - 
Taylor :, but these solution) were not adapted to practical 
uses, and their authors did not suspect, the rciJBistance of the air 
was any thing like so great as it really is. But M. Dan. Ber- 
Vibulli has «hown, in the Petersburgh Commentaries, vol. 3, 
that the resistance of the air has a very great effect on swift 
motions, such as those of cannon balls; and particularly con- 
eludes, from experiment, that a ball which ascends only 7819 
feet in the air, would have ascended 68750 feet in vacuo. H. 
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that the ^ track of shot and shells of- all Jkindsr^ii 
nearly in the curve of a parabola; that by this 
means it has happened, that all their determina- 
tions about the flight of shot discharged with 
considerable degrees of celerity are? extremely er- 
roneous, arid consequently that the present theory 
of Gunnery, in this its most impprtant .branch, is 
useless and fallacious. • ^ 

. Now, to obviate in some degree these imper-? 
fections in this art, we have undertaken, in thQ 
second chapter of the ensuing treatise, not only 
to confirm what we have here asserted, relating 
to the falsity of the parabolic motion of these 
projectiles, but likewise to ascertain the actual 
degree of resistance which every shot undeifgods 
according to the velocity with which it moves ; 
whence, as the velocity with which the bullet 
issues from the piece is easily known by the prin-r 
ciples delivered in the first chapter, the delinea-* 
tion of the track passe^. through- by the biilletv 
hereby becwnes a geometrical . problein,-^ which^' 
iiideed, m itis utmost 'extent^ j is ©fa tery complin 
cate .'jand. joperosc : ' kinri.; ; but ia . thel instances 
which arc most frequent in fpractacc,? it admits of 
§ome very easy approximations, which endble us 

D 3 readily 
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readily to compare the actual ranges of bullets 
with th^ result of this thqory. 

And tliough such as examine the following 
treatise Mrith attention, will not, I believe, enter- 
tain matay doubts of the certainty of the determi* 
lotions therein contained, yet it might have been 
expected, perhaps, that the accuracy of those 
principles shouljj have been still more irrefragably 
established by experiments on the real ranges of 
pieces, compared with computations founded on 
this theory : and, indeed, I did once intend to 
)iaye added a chapter with this view ; but two 
reasons have diverted me fi:om this design. The 
first was, the difficulty I found in ascertaining 
the extended ranges; a difficulty which nonie 
but those Who shall attempt experiments * of the 
idatiie kind can be judges of. The second reasbn 
was an irregularity which . intervened in these 
Kuiges, and which rendered aH my endeavours 
j&uitless; for the sariie. piece, at the same eleva^ 
ti6n, would convey the bullet to very distant 
places^ so that no two trials agreed with eacb 
other ; aa I have more particularly recited in the 
yth proposition of the iBd chapter 
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Bjiti ii(^twithsjtaudiug the&e diflScuUies; which 
have hindered me from inserting in the following 
treatise such experiments on the ranges of shot as 
Height qprrol;iQrate the theo^ of i^c^^if^t^nce there 
delivered, I b^ve yet resolved tpipjur^iie thi^ sub- 
ject ; and }, ilatter nayself that I, Jh^ve invented 
a fnettiod of preventing the la^xpentio2^ed ine- 
quality ffom taking plice, whiqb xinl^^ \\_ ^*i^ bq 
dcwie, it is- sufficiently obvioua l^ow fruitless all 
Qicperin^ents pf thi$ kind must prove. The result; 
Qf my ^tvixe trials on lhi§ head I intend ^or fi sc* 
eond part to thi^ treatise ; ip which, beside$ these 
experitnents . on tibie track described by the flight 
of bullets, and the nec^isary geometrical deternii- 
nations with whi§h they musi; be xjoipppxed, % 
propose to insert many other experiments, which, 
though of a ini3C^lap6pufl fi2^turft are yet all of 
them connected i» jsome jjpgree yrii^ the theory 
or practice of Gu»»«jy . J rfjftll ?ip9 ^m^^ifi tl>i§ 
second part many m^ixim^ aa^ praci^l^pr^G^pts 
which will arise froni : tl)$ pr^ce(|iiig prinpipli^Si 
and will, I hope, be of ^itee e«w^^;ii?pe<? jn the 
future inanageoiiBiit of ^r tjm^(y, A ,conjiideral>l? 
part of thia «CQ»d work Ih^ve alr^dy by pfWi 
as likefme an apparfttw^ pHfpwelyj mtcfi^eil fpr 

irdmpl^ting it : Butth0sei»p^ffWPl:?> whi<4>.^r^ 
.- :D4 yet 
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yet wanting, will require great leisure and a pro- 
per season to execute. 

As the following sheets, besides the determina- 
tion of the quantity of the air's resistance, do 
likewise contain the theory of the force and ac- 
tion of powder, it may perhaps be expected that 

« 

I should give some account of what preceding 
authors have advanced on this subject, fiut all 
I have ever met with on this head hath been so 
vague and indistinct, that it is often difficult to 
determine the true meaning of the writen The 
most intelligible hypothesis on this head, and 
what seem», indeed, to have, been the original of 
all the others, is that of Monsimr de la Hirei 



I 



' In the history^of the French Academy of sci- 
ences for the year 1702, Monsieur dt la Hire has 
supposed that the force of powder may be owing 
to .the increase elasticity of the* air contained in 
and. between the grains, in consequence of the 
heat and fire produced at the time of the explo- 
sion. Now, if this aif, to whose • augmented 
spring the violence of gunpowder is imputed, be 
in- its natural state atithe time when the powder 
is fired, (and surely what is in the intervals, of the 

1 graiua 



graind must be allowed to be so) the gifeatest ad- 
dition its elastidity could acquire froitt the flamft 
of the explosion would not amount, to fiv^ timei 
its usual quantity, as we shall moTe particularly 
evince hereafter* ; that is, it* would not suffice 
for the two hundredth part of the 'effort which 
we have found to be exerted by fired powden • - 
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However,: this hy;>otliesis hath given rise to 
many dissertations and treatises in a neighbour- 
ing nationfj and one author in particular con- 
ceives he has made a very reasonable postulate^ 
in supposing the elasticity of the air, when heated 
by the explosion of the powder, to be only a 

hundred 

* Vid. Prop. V. Cap. 1. of the following treatise. 

f M. John Bernoulli proTed that the air in gunpowder is 
not In its natural, but in a very compressed state ; and parUcu-^ 
larly that such air is at least 100 times denser than nat^ral air : 
far short of the truth. And M. ' Papin, in the Philos. Trans, 
has shown, by experiment, that saltpetre contains a very elas- 
tic matter, in which the strength of the powder consists ; and 
that in 6 grains of powder there is, at least one grain of pure 
air, in a very, compressed state ; which is also far short of the ' 
truth* On the oth^ han^, M. Dan. Bernoulli, in his Hydro-^ 
dynamy, treats pretty fully on the force of gunpowder, in the 
lOth section ; and. in particular asserts, that the elastic force of 
the air contained in the powder, i^ more than ten thousand 
tinges greater than that of natural air ; which is about six or 
seven times more than the truth. H. 
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hundred times greater than when it is heated to 
the degree of boiling water. But, as I think I 
have shewn the impossibility of accounting for 
the actual force of power on these principles/ I 
will not detain the reader any longer with a plus 
ticular recital of the speculations of these aifferent 
writers ; especially as I flatter myself that I have 
established that theory of the force of powder 
which is contained in the following sheets^ by 
such decisive experiments, as will render a formal 
confutation of any other opinion xmnecessary. 
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CHAP. I. 

Of the Force of Gunpowder, 



PROPOSITION I. 

Gunpowder, fired either in a Vacuum or in Air, 
produces by its Explosion a permanent elastic 
Fluid, • ■:< 

Xf a red-hot iron be included in a receiver, and 
the receiver be exhausted, and gunpowder be then 
let fall on the iron, the powder will take fire, and 
the mercurial gage will suddenly descend upon the 
explosion ; and though it immediately ascends again^^ 
yet it will never rise to the height it first stood at, 
but will continue depressed by a space propor* 
tiojned to the quantity of gunpowder which was 
let fall on the iron. This is a lyelUknown experi-*- 
inent, and isi circumstantially described by Mr,, 
HauksHe^ in the Philosophical Tramactions^ No* 
SQS ; in which place he tells us, that he by thi$ 
meai]|[& (firing small quantities at a time) reduced 
the gage from Sd4- inckes to 12^, Now this ex^ 
periment, which has been often irepeated, prov$i 
th^ proposition wi|h respect tp the iproduction of 
fi. peii^anait t\mtk^[finid\n9»'viicuum; fox tlie de^ 
scent of the gage could only be effected by tibe 
presfitu^ of Mme new generated iluid in the re- 
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ceiver, balancing in part the pressure of the exter- 
nal air. 1'hat this fluid, or some part of it at 
least, was permanent, appeafTs from what Mr* 

. . Hauksbee relates in the same place; that though 
the quicksilver ascended after tne operation, yet it 
next day liad ascended no higher tnan to 22-^, at 
which place it seemed to continue fixed* And that 
this fluid is elastic^ is proved from the descent of the 
mercurial gage; since the quantity of matter con- 
tained in this fluid could not by its gravity alone 
have sunk the quicksilver by the least sensible quan- 
tity ; alsci from its extending itself through any 
space, however great ; the experiment succeeding 
in either a large or small-receiver ; only the larger 
the receiver, the less will be the descent of the 
mercurial gage to the same quantity of j)Owder^ 
the pressure of the generated fluid ^diminishing as 
its density diminishes. 

The same production likewise takes place when 
gunpowder is fired in the air*; for if a sniall quan- 
:ity of powder be placed in the upper part of a 
glaiss tube, and the l6wcr part of tne tube be im- 
merged in water, and the water be made t6 rise so 
near the top, that only a small portion of air is left 
in that part where the gunpowder is placed ; if in 
this situation the communication of tne upper part 
of the tube with the external air be closed, and the 
gunpowdei' be fired (which may easily be done by 
a burning-glass) the water will in this experiment 
descend on the explosion, as the quicksilver did 
in the last, and will always continue depressed be- 
low the place at which it stood before the cxpfo- 
sion ; and the quantity of this- depression will be 
greater*, if the quantity of powder be increased, or 
the diameter of the tube be diminished. From 
whence it is proved, that, as wdl in air, as in a 
*()dcuumf tht explosion of fired powder prbduces a 

' ip^tmanent elastic fluid, 

SCHOLIUM. 

' ' * Vid. Hauksbee Phys, Meohan. Exper. page 81. 
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SGHOiLitrM. 

It has^ beeii- known, 6ver since the tima of Mn 
Boyhy rtKat many substances in ferirtentatrou and 
other dhymical operations, produce elastic fluids 
analogous m some of their effects td tlie common 
air- It is likewise known that other, mixtures Will 
in many cases absorb a part of the air contiguous.ix) 
them y in particular, it: is ol?servedvthat.iaJl burning 
bodi^, and all sulphureous Tum^s, destroy greatt 
quantities, of air, eithef bj[ absorbing it into thfeir 
owju. substance, or at, kast by depriving it of it» 
elasticity. . This cr^atiou and consuinptionof ^^in 
in chymical. processes, .fcas been ; lately n>ost dilir 
gently, ajic}. siiccQssfully ^x^iminecl }i)y/,j3ie, reverend 
Mn Hides f in his Vegetable St£tfic^(:-\And.siimk 
these principles it f6llo>y%..thatan;0ii8:tewt.exiperi5 
menjt, the sulphureousrfumfis^^rising from the b^rn^ 
ing of tW.i^arcpai §Lp^.iJ^rim^tone,; contained in 
the pow40:, Wust sQ,Qp.%h3orb some :6f, the air iii 
which ih^:,p6wder is ftrj^. ,v for which re^on. it is 
necessary that the bulk of tiie air, whi<th ^^he pow* 
der is placed in before; it is fired, .^hoiijldc hear aa 
small a proportion as possiblei.to the qi^intity of 
poywder ; so that the success .of the»/iejtjperitneut 
may not :be. disturbed by the abs^jbfd.air: ap*^ 
^ preaching tofan equality with the generftted^fluid. 

Thei^ is, besides, another reason, . .that^ when 
powder is fired in the n>^niierj qf the last experi-^ 
ment, thie bulk pf the 9.ir in which it is placed 
should. b^.a^:httlei as possible ; which is, . that the 
fire, at the instant or the explosion, will greatly 
augment the elasticity of that air, and the pressure 
arising from . this increased elasticity^ being added 
to the force of the genera^ted fluid, will endanger 
the bursting of the tube. 
. ^ PROP. 



es NEW PRINCIPLES 

PEOP. 11. 

To CiVpUin more particularly the Circumstances 

; attending the Explosion of Gunpowder, either 

in a Vacuum or in Air, whenjired in the Man^ 

ner described in the Experiments of the last 

Proposition. 

Wr HEX any considerable quantity of Gunpow- 
der is fired in an exhausted receiver, by being let 
fall on a red-hot iron, the mercurial gage instantly 
desoends upon the explosion, and as suddenly 
ascends again ; and aft^r a few vibrations, none of 
which, except the first, are of any great extent, it 
seemingly fixes at a place lower than where it 
stood before the explosion; and .this stationary 
point is what we have always attended to in our 
experiments. But even when the eage has ao 
quired this point of apparent repose, it still conti- 
nues rising for a considerable time, although by 
such imjperoeptible dejgi^ees^ that it can only be 
discovered t^ comparing together it» place at dis- 
tant intervals ; however, it ^U not always continue 
to ascend, but will rise slower and slower, till at 
last it will be absolutely fixed at a point lower than 
where the mercury stood before the explosion* 

The same circumstances nearly happen when 
powder is fired in the upper part of an^ unexhausted 
tube, whose lower part is immerged in water. 

Now these appearances all arise from the diifer-i 
ent modifications which the fluid, produced from 
the explosion, undergoes. The first sudden descent 
of the mercury is effected l^ the action of that 
fluid, while in the form of flame. When the flame 
is extinguished, and consequently the heat of the 
fluid is diminished, its elasticity is likewise dimi« 
nished ; and this being eflected in a very short 
time, occasions the sudden rise of the mercury after 

th^ 
1 
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the firit descent When the fluid is reduced to the 
temperature Of the containmg receiver, its elasticity 
is tnen< more fixed andinvariable; and this mua^: 
usualiy lHappen by the tin^e the mercurial gage first 
appears to be statiohaiy. The subsequent slow 
as)C((Bt iif ' the xnercury is partly oinng to tlae de^ 
crease- of the heat of the receiva*, occasioned by 
the co6lhig of the hot iron contained in it, but 
i^ohntoie to the action of the suiphuneous fumes 
edP tiie briinstone and charcoal, which absorb a part 
of the generated fluid, and thereby diminish its 
priefissute on the gage. ^i .?» .. 

-'••-'- . .SCHOLIUM. .-■'"■ 

■t, ••• .■•- , ,, 

i InJth^ folio wingproposntioRS wedbaliirrefragably 
denionsttate, ' that the f qrce of fired gunpcn^er is 
itf(»th»iig4nbn&thaii the pressure of the fluid,! whkjh 
iagenemtatfin the ptecedixig experimetrts, and that 
aim 'Sukii in it^ .actiKm 4)i»serves the same laws with 
eitber elastic ^ftaidi^ jiartioulariy the sur^ iso that 
whautever power is^^oduced by th^ firing.of agireti 
quantify <]if gufupowder, thie saane w«ndd be exerted 
by subsptittctinginiits stead a quantity of air equal to 
the fluid generated in the explosion, provided that 
iair be included in the isame space, ^nd be heated to 
the ^v?^ degree, as the othef fluid is at the instangt 
of its iiring, Mr. Hale^ has conciuded, that the 
iveigKt of the factitious dastic fluids, produced fV6m 
chymical processes, iis the same witn Vhat of cotn- 
mon air;; he havmg itried that produced from tart|r 
\Hiih gteat: exalctness. He has feund» too, that ihejf 
e:^pahd with heat, and contract with coldf.aod that 
with the same pressure they are condensed in th^ 
saiiie degree wioi common air ; and that when they 
af« deared of their isulphid^cous fumes, which is 
done by maldbg them pass through water, ti^ey^ 
will 4hen eontitiue for mfuo^y months, nay yeart, 
w^ithout kfitng aaiy^considtflable/pbrt of tlieir el^is- 
^ ticity. 
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ticity. And, from these and other circumstances^ 
he doubts not to assert, that these fluids are true 
permanent air.: Now if this be supposed of all, or 
any of the! elastic fluids producjed. by -distillation, 
burning, &c. it must be preferably allowed to be 
true of that fluid, which is generated in- the expld. 
sion of gunpowder ; ^ince it is from saltpetre alone 
that this fluid seems 'to, be derived,, (for neither the 
brimstone nor- the charcoal yield it, whea .fired by 
themselves) and saltpetre is known to be a sub- 
stance imbibed from the air by edrth ; for the.same 
parcel of eartti, by being properly exposed to the 
air, will furnish saltpetre over and over again for 
ever. However, though; ibbe highly reasonable to 
suppose that the elastic fluid, arismg from the firing 
of powder, is genuine and permanent airj: yet. the 
truth or falshood of thissupposition no ways affects 
the certainty of oun conc^usibus* It; 19 sufficient 
for our purpose, that: it is; sin elastic fluid ; whether 
it be air or anothec comp06ition,*our reaeoiung will 
be still, the same ; since it is by experiments on this 
fluid itself, and not by obscure .'Speculations on. its 
iiature and qualities, that, our future deductions 
relating to its force and action aire confirmed.. i, 
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PROP. III. . . . , 

The Elasticity or Pressure of the Fluid pro-^ 
duced by the firing ; of Gunpoivdefy is caetleris' 
vsLYihus directly as its Density. 

1 HIS follows from hence, that, if in the:same 
receiver a double quantity of powder be kt All, 
the mercury will subside twice as much as in the 
firing of a single quantity. For the vapour pro- 
duced from the double quantity being contained in 
the same receiver will be of double the density of 
that produced from the single quantity ; whence 
the elasticity or pressure estimated by the descent 
of the mercury being likewise double, the pressure 

is 
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is directly as its-density. Also the descents of the 
mercury, when equal quantities of powder are fired 
in different receivers, are rociprocally as the capa- 
cities of those receivers, and consequently as the 
density of the produced fluid in each. 

But as in the usual method of trying this ex* 
periment, the quantities of p(Vdcr are so very 
small, that it is difficult to ascertain these propor- 
tions to a requisite degree of exactness, I took a 
large receiver, containing about 520 inches, and 
letting fall at once on the red-hot iron, I dram or 
the -rV ^^ ^^ ounce avoirdupois of powder (the re- 
ceiver being first nearly exhausted) the mercury 
after tKe explosion wals subsided 2 inches exactly, 
and all the powder had taken fire. Then heating 
the iron a second time, and exhausting it as be- 
fore, 2 drams were let down at once, which sunk 
the mercury 3^, and a small part of the powder 
had fallen beside the iron, which (the bottom of 
the receiver being wet) did not fire, and the quan- 
tity that thus escaped did appear to be nearly suf- 
ficent, had it fallen on the iron, to have sunk th(j 
mercury i part of an inch more ; in which case 
the two descents, viz. 2 inches aujd 4 inches, would 
have been accurately in the proportion of the re- 
spective, quantities of powder; from which pro- 
|>ortion, as* it was, they very little varied. 

Hence then it appears, that the elasticity of the 
vapour produced by gunpowder in its explosion, is 
directly as its density. 

PROP. IV. 

To determine the Elasticity and Quantity of this 
elastic Fluids produced from the E.vplosion of 
a given Quantity of Gunpowder. 

As different kinds of gunpowder produce differ- 
ent quantities of this fluid in proportion to their 
different degrees of goodness, before any definite 

^ E . deteiTniuatvaw 
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determination of this kind can take place, it is ne- 
cessary to ascertain the particular species of pow- 
der that is proposed to oe used ; and therefore I 
shall, in every examination and position relating to 
this subject, suppose the powder in question to be 
of the same sort with what is made for the use of 
the government ; that being by contract to consist 
of a known and invariable proportion of materials, 
and is therefore much properer for a standard thaa 
what is compounded according to the arbitrary 
fancy of the artist. 

This being settled, we must further premise these 
two principles, which we have already mentioned 
in the scholium to prop. II. the first, that the elas- 
ticity of this fluid increases by heat, and dimi- 
nishes by cold> in the same manner as that of the 
air ; the secopd, that the density of this fluid, and 
consequently its weight, is the same with the weight 
of an equal bulk of air, having the same elasticity^ 
and the same temperature. 

Now, from the experiment recited in the last 
proposition, it appears that Vr ^^ ^" ounce avoir- 
dupois, or about 27 grains troy, of powder, sunk 
tl>e gage on its explosion 2 inches ; and the mer- 
cury in the barometer standing at near 30 inches, 
\i of an ounce avoirdupois, or 410 grains troy, 
would have filled the receiver with a fluid, whose 
elasticity would have been equal to the whole 
pressure of the atmosphere, or the same with the 
elasticity of the air we breathe ; and the content of 
the receiver being about 520 cubic inches, it fol-- 
lows, that ;^ of an ounce of powder will produce 
520 cubic inches of a fluid, possessing tne same 
degree of elasticity with common air; whence an 
ounce of powder will produce near 575* cubic 
inches of such a fluid. 

But, in. order to ascertain the density of this 
fluid, we must consider what part of its elasticity, 

* This ahould be 555. H. 
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at the time of this determination, was owing to the 
heat it received fi'om the includcjd hot iron and the 
Warm receivier. • Now the general heat of the re- 
ceiver being manifestly less than that of boiling 
water, which is known to increase the elasticity of 
the air somewhat more than ^ of its augmented 
quantity, I collect from hence, and other circum- 
stances, that the augmentation of elasticity arising 
from this cause was about the 4 of the whole ; that 
is, if the fluid arising from the explosion had -been 
reduced to the temperature of the external air, the 
descent of the mercurial gage, instead, of 2 inches, 
would have been only 1^ inch; whence 575'^, re- 
duced in the proportion of 5 to 4, becomes 460 f ; 
and this last number represents the cvbic inches of 
^n elastic iluid, equal in density apd elasticity with 
common air, which are produced from the explo- 
sion of 1 ounce avoirdupois of gunpowder, the 
weight of which quantity of fluid, according to the 
usual estimation of the weight of air, is 131 grains ; 
whence the weight of this fluid is i^ or -^-^ nearly 
of the weight of the generating powder. 

If the ratio of the bulk of the gunpowder to the 
bulk of this fluid be wanted, this will be determined 
byvknowing that 1 ounce, 1 dram, or 17 drams- 
avoirdupois of powder, fill 2 cubic inches, if the 
powder be well shook together ; wherefore aug- 
menting the number last found in the proportion 
of 16 to 17, the resulting term 488^ is the number 
of cubic inches of an elastic fluid, equal in density 
\vith the air produced from 2 tubic inches of pow- 
der; whence the lutio of the respective bulks of 
the powder, and the fluid produced from it, is in 
round numbers, 1 to 244 §. 

And 

* This should be 555. 
+ More correctly 444. 
t More accurately 47^« 

:e3 
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And farther, to confirm this determination, I 
fired the quantity of a dram of powder four times 
successively, in at} exhausted receiver; by a burn- 
ing-glass ; the capacity of this receiver was 470 
cubic inches. Tliese experiments were more trou- 
blesome than those in which it was fired by a hot 
iron, becJluse it was sometimes long before it would 
fire ; in which interval the air would often insinuate 
itself, and thereby disturb the measures of the de- 
scent; and, besides, near -J-, part of the powder was 
usually dissipated, unfired, by the blast : however, 
by collecting the grains that were thus scattered, 
and weighing them, and increasing the descent by 
a proportional quantity, tlie subsiding of the mer*7 
cury, con'esponding to one dram of powder, was. 
the firat time 2,1 + inches, the second time 1,8 
— inches, the third time 2, 1—, and the fourtlx 
,time 1,85 inches, or at a medium 1^96 inches; and 
this, diminished in the ratio of 5fi0 to 470, becomes . 
1,77 for the descent to a like quantity in the first 
receiver. Now the deduction to be made on ac- 
count of the heat of the receiver was but little ia» 
these experiments ; fpr, by including a small ther- 
mometer, I found that the fluid within the receiver- 
was not hotter after the blast than that of the 
summer air; whence, if the descent 1,77 be re- 
duced in the ratio of 13 to 12, which is nearly that: 
of the elasticity of hot summer air to temperate 
air, it becomes 1,63 nearly, which differs little frora 
14-, or 1,6; which is what we found it to be in the 
pi-eceding experiment : whence the proportion be-* 
tween tlie respective bulks of the powcter, and the 
fluid produced from it, may be still assumed to be 
that of 1 to 244 [or 236.] 

And this ratio agrees very well with the experi- 
ment recited by Mr. ffauksbee, in his Physico^ 
Mechanic Experiments, p. 81 ; for he there found 
that one grain of powder produced, when fired in 
the air, a cubic inch of elastic fluid, which, sup- 
posing 
1 
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. posing the density of powder to be what we have 
here assign^, gives the ratio of their respective 
bulks to be that of 1 to 232 ; a difterence, frorn 
what we have assigned above, that may easily arise 
from the difference of the powder only. Whence 
we may conclude, that the presence of ^ greater or 
less quantity of air dpes pot affect tb^ productioa 
of this fluid ; since, by comparing Mr. Hauksbee's 
experiment with our own> it appears that the same 
quantity of this fluid is generated in a, vacuum a$ 
in the air. ■ 

If this fluid, instead of ekpanding when the 
powder was fired, had been confined in the same 
space which the powder filled befoi;e the explosion, 
then (its elasticity having been she\vn to be as its 
density) it would have had, in that confined state, 
a. degree of elastici^ 244 [or 236] times greater 
than that of common air ; and this independent of 
the great augmentation this elasticity would re^ 
ceive from the action of the fire in that instant*^; 

Hence, then, we are certain, that aiiy quantity 
of powder fired in any confined 3pac9 which it ade- 
quately fills, exerts, at the instant of its explosion^ 
against the sides of the vessel containing it, an4 
the bodie;5 it impels before it, a force at l^ast 244 

' * But it has-been found, by other experhnents^ that 2 cubic 
iuches of powder ingraitis, occupied only about half that space^ 
or oue ikicb, while ia a solid state, or cako^ before broken inito 
grains ; therefore the space p(Ocupied; byth^ Avid) when expanded 
. to the rarity of the atmosphere, would b^ 236 X 2, or. 47? 
times the bulk of the soUdji^y^det from wfiich it is prodbcdd.— r 
But a solid mass, supposed ^ be com posed ^ of nitre, sulplnil*) 
and charcoal only, in the «am^ proportions as employed in maki- 
ing gunpowder, would be tery nec^rly of the saoolj) specific ^ra^ 
Tity^as solid gunpowder itself; which contains ,aU:o ait in the 
proportion of 3 tenths of the whole weight of the powder : , it. 
follows therefore, that the condensation of the jur in the pow^. 
dcr is 47^ x ^y or 1673 times, that is, 1 573 times denser thaft 
/common air, and therefore denser than water^ in .tho ratio ojT 
about IS or 19 to 10« H. 

E3 
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[or 236] times greater than the elasticity of com- 
mon air, or, which is the same thing, than the 
pressure of the atmosphere ; and this without con-, 
sidering the great adaition which this force will 
receive from* the violent degree of heat with which 
it is endued at that time ; the quantity of which 
augmentation is the next head of our enquiry. 

PROP. V. 

To determine how much the Elasticity of the Air 
is augmented^ when heated to the extremest 
Heat of red-hot Iron. 

X o fix this point, 1 took a pjece of a musket- 
barrel, about six inches in lengtn, and ordered one 
end to be closed up entirely ; but the other end 
was drawn out conically, and finished in an aper- ^ 
ttire of about 4- of an inch in diameter. This tube, 
thus fitted, was heated to ihe extremity of a red 
heat in a smith's forge, and was then immerged 
with its aperture downwards in a bucket of water, ' 
and kept there till it was cool ; after which it was 
taken out carefullv, and the water which had en- 
tered it in cooling was exactly weighed. The» 
AT^eight of the water thus taken in at three different 
triials was 610 grains, '595 grains, and 600 grains 
xespectivcly. The content of the whole cavity of 
the tube was 796 grains of water ; whence the 
«paces remaining unfilled in these three experi- 
ments, were equal in bulk to 18^, 201, I96 grains 
of water respectively ; and these spaces did doubt- 
less contain all the air, which, when the tube was 
red-hot, did extend through its whole concavity ; 
consequently the elasticity of the air, when heated 
to the extreme heat of red-hot iron, was to the 
elasticity of the same air, when reduced to the tem- 
perature of the ambient atmosphere, as the whole 
capacity of the tube to the respective spaces taken 
up by the cooled air; that is, as 796 to 186, 201, 

196 J 
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196 ; or, taking the medium of these three trials, 
as 796 to 1944*. 

The heat given to the tube each time was the 
beginning of what workmen call a white heat; 
and to prevent the rushing in of the aqueous va- 
pour at the immersion, which will otherwise drive 
out great part of the air, and render the experi- 
ment fallacious; I had an iron wire filed tapering, 
so as to fit the aperture of the tube, and with this 
I always stopt it up, before it was taken from the 
fire, letting it remain in till the whole was cool, 
when removing it, the due quantity of water would 
enter. 

. / 

PROP. VI. 

To determine how much that Elasticity of the 
Fiuid produced hy the firing of Gunpowder^ 
which, ive have above assigned^ is augmented by 
the Heat it has at the Tiy^e of its Ej^plosion. 

As air and this fluid appear to be equally affected 
by heat and cold, ana consequently have their 
elasticities equally augmented by the addition of 
equal degrees of heat .to each ; if we suppose the 
heat, with which tlie flame of fired powder is en- 
dued, to be the satae as that of the extreme heat of 
red-hot iron, then the elasticity of the generated 
fluid will be greater at the time of explasion, when 
it is in the form of flame, than afterwards, when it 
is reduced to the temperature of the ambient air, 
in the ratio of 796, to I944 uearly ; that is, in the 
ratio of the elasticities of common air, under simi- 
lar circumstances, ascertained in the last proposi- 
tion. 

. Now that the hedt of powder, when filed in any 
considerable quantity, is not less than that of red- 
hot 

* Or the ratio nearly of 4rr *© !• H. 

E4 
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hot iron, seems sufficiently evident from the ap- 
pearance of the flame, and the known properties of 
some of its materials ; for the fire produced by the 
explosion is certainly as active as any common 
fire: and it is well known that all fires will com- 
numicatc a red-hot heat to iron, provided the bulk 
of the iron be sufficiently small, when compared 
with the quantity of the fire. 
' This being supposed, then, that the flame of 
fired gunpowder is not less hot thtin red-hot iron, 
and the elasticity of the air, and consequently of 
' the fluid generated by the explosion, being au^-* 
mented by the extremity of tnis heat in the ratio 
of 1 944- to 796, as has been shewn in the last pro- 
posion ; it follows, that if 244 [or 236] be aug- 
mented iu this ratio, the resulting number, which 
is 999t [or 9664-,] will determine how many times 
the elasticity of the flame of fired powder exceeds 
the elasticity .of common air, supposing it to be 
confined in the same space which the powder filled 
before it was fired. For since we have shewn, iu 
the third proposition, that the elastic fluid pro- 
duced from the firingaquantity of powder, would, 
if confined in the same space which, the powder, 
took up before its explosion, exert an elasticity 
244 [236] times greater than the elasticity of 
common air, supposing the temperature of that 
fluid and of the air to be the same ; it is plain from 
hence, that, when 244 [236] is increased iu the 
ratio, in which the elasticity of this fluid is greater 
at the time of the explosion than afterwards, the 
resulting number will ascertain how many times 
the elasticity of this inflamed fluid, at the instaat 
of its explosion, and before it has dilated itself, ex- 
ceeds the elasticity of common air. 

Hence, then,, the absolute quantity of the pres- 
•sure exerted by gunpowder, at the moment of its * 
explosion, may be assigned ; for, since the fluid, 
then generated, has an elasticity of 9994- [^^ 966, ] 

ox 
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or in round numbers, 1000* times greater than 
comtnon air ; and $ince common air, by its elasti- 
city, exerts a pressure on any given surface equal 
to the weight of the incumbent atmosphere, with 
which it is in equilibrio, the pressure exerted by 
fired powder, before it has dilated itself, is nearly 
one thousand times greater than the pressure of 
the atmosphere ; and consequently the quantity of 
this force on a surface of an inch square, amounts 
to above 6 ton weight; which force, however, di- 
minishes, as the fluid dilates itself, according to 
what has been shewn in the third proposition. 

SCHOLIUM, 

Though we have here supposed that the heat of 
gunpowder, when fired in any considerable quan- 
tity, is the same with iron heated to the extremity 
of a red heat, or to the beginning of a white heat, 
(which determination we shall hereafter confirm by 
many experiments) yet it canhot.be doubted, but 
that the fire produced in the explosion is somewhat 
varied (like all other fires) by a greater or less 
quantity of fuel ; and it may be presumed, that, 
according to the quantity of powder fired together, 
the flame may have all the different degress from 
that of a languid red heat to the heat sufficient for 
the vitrification of metals; but as the quantity of 
powder recjuisite for the production of this last- 
mentioned heat, is certainly greater than what is 
ever fired together for any military purpose, we 
shall find, by our future experiments, that we sha,U 
not be far from our scope, if we suppose the heat 
of such quantities as come more frequently 4u 
use, to be, when fired, nearly the- same wth the 
strongest heat of red-hot iron-; allowing a gradual , 
augmentation to this heat in larger quantities, and 
diminishing It when the quantities are very small. 

PROP, 

* The number corresponding to this, which I haie found by 
many experiments, is near 1600« H, 
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PROP. VI I. 

Given the Dimensions of any Piece of Artillery^ 
the Density of its Ball^ and the Quantity qjf 
its Charge, to determine the Velocity which 
the Ball xvill acquire from the Ejt'plosion, sup- 
posing the Elasticity of the Powder at trie 
Jirst Instant of its firing to be given. 

X N the solution of this problem, we shall assume 
the two following principles : 

I. That the action of the powder on the bullet 
ceases as soon as the bullet is got out of the piece. 

II. That all the powder of the charge is fired, 
and converted into an elastic fluid, before the 
bullet is sensibly moved from its place. 

These postulates we shall demonstrate in an an- 
nexed Scholium; and they being arupposed, the 
proposition itself is thus determined. 

Let AB represent the axis of any piece of artil- 
lery, A the breech, and B the muzzle ; DC the dia- 
meter of its bore, and DEGC a part of its cavity 
filled with powder. Suppose the ball that is to be 
impelled to lie with its hinder surface at the line 
GE, then the pressure exerted at the explosion, on 
the circle of which GE is/ the diameter, or, which 
is the same thing, the pressure exerted in the di- 
rection FB, on the surface of the ball, is easily 
known from the known dimensions of that circle; 
draw any line FH perpendicular to FB, and AI 
parallel to FH, and through the point H, to the 
asymptotes lA and AB, describe the hyperbola 
KHNQ ; then if FH represents the force impelling 
the ball at the point F, the force impelling the ball 
in any other place as M will be represented by the 
line MN, the ordinate to the hyperbola at that 

point; 
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point; for when the fluid impelling the body along, 
nas dilated itself to M, its density will be then to 
its original density in the space D EGG recipro- 
cally as the spaces through which it is respeqtively 
extended ; that is, as FA to MA, or as MN to, 
FH ; but we have shewn, in the second proposi- 
tion, that the elasticity or impelling force or this 
fluid is directly as its density ; therefore, if FJS re- 
presents that force at the point J*/ MN will repre- 
sent the like force at the point M. 




^-c . 



Since the absolute (juailtity of the force impel- 
ling the ball at the point F i« known, and the 
weight of the ball is likewise known; the propor- 
tion between the force the ball is impelled with, 
and its own gravity, i$ known. In this propor- 
tion take FH to FL, and draw LP parallel to f B ; 
then MN, theT ordinate to the hyperbola in any 
point, will be to its part MR, cut off by the line 
LP, as the irnpelling force of the powder in that 
point M^ to tn0 gravity of the ball ; and conse- 
quently the line LP will determine a line propor- 
tional 
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tional to the uniform force of gi*avity in every 

f)oint ; whilst the hyperbola HNQ determines in 
ike manner such ordinates as are proportional to 
the impelling force of the powder m every point ; 
whence, by the 39th proposition of lib. 1. of Sir 
Isaac Newton's Phil. Nat. Prin. Math, the areas 
FLPB and FHQB are in the duplicate proportion 
of the velocities which the ball would acquire, 
when acted on by its own gravity through the 
space FB, and., when impelled through the same 
space by the force of the powder. But since the 
ratio of AF to AB, and the ratio of FH to FL are 
known, the ratio of the area FLPB to the area 
FHQB is known; and thence its subduplicate. 
And since the line FB is given in magnitude, the 
velocity which a heavy body would acquire, when 
impelled tlirough this line by its own gravity, is 
known, being no othel* than the velocity it would 
acquire by falling through a space equal to that 
line ; find then another velocity, to which this 
last-mentioned velocity bears the given ratio of the 
subduplicate of the area FLPB to the area FHQB, 
and this velocity, thus found, is the velocity the 
ball will acquire when impelled through the space 
FB by the action of the inflamed powder. 

Now, to give an example of this, let us suppose 
AB, the length of the cylinder, to be 45 inches, it* 
diameter DC, or rather the diameter of the ball, to 
be -J- of an inch ; and AF, the extent of the pow- 
jcler, to be 2|^ 'inclies; to determine, the velocity 
which will be communicated to a leaden bullet by 
the exjAosion, . supposing the bullet laid, at fii-st 
with its surface contiguous to the powder. 

By the theory we have laid down. in the last 
proposition, it appears, that at the first instant of 
the explosion, tiic flame will exert, on the bullet 
lying close to it, a force 1000 times greater than, 
the pressure of the atmosphere : ^he i^icdium pres* 
sure of the atmosphere is esteeiped equal to that of 

a column 
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a column of water 33 feet high ; whence lead being 
to water as 1 1,345 to 1, this pressure will be equal 
to that of a cojumn of lead 34,9 inches in height : 
whence multiplying this by 1000, a column of lead 
34900 inches high would produce a pressure equal 
to what is exerted on the ball by the powder in 
the first instant of the explosi6n ; and the leaden 
ball being ^ of an inch in dianietet and conse- 
quently equal to a cylinder of lead on the satne 
base, Y an inch in height, the pressure at first act- 
ing on it will be equal to 34900X2 or 69800 times 
its weight ; whence FL to FH is as 1 to 69800 :* 
and FB to FA is as 45—24- (or 42-i-) to 24 ; that 
is, as 339 to 21 ; whence the rectangle pLPB is to 
the rectangle AFHS, as 339 to 21 x 698OO; that 
is, as 1 to 4324 — . And from the known appli- 
cation of the 'logarithmfi to the mensuration of the 
liyperbolic spaces, it follows, that the rectangle 
AFHS is to the area FHQB, as ,43429 S^c is to . 
the tabular logarithm of ^1; that Js, of VV, which 
is 1,2340579 ; whence the ratio of the rectangle 
FLPB to the hyperbolic area FHQB, is compound- 
ed of the ratios of 1 to 4324 — , and. of ,43429 
Sfc. to 1,2340579; which together make up the 
ratio of 1 to 12263, the subduplicate of which is 
the ratio of 1 to 1 10,7 ; and in this ratio is the ve- 
locity which the bullet would acquire by gravity, , 
in falling through a space equal to FB, to the ve- 
locity the bullet will acquire from the action of the 
powder, impelling it through FB ; but the space 
f B being 42x inches, the velocity a heavy boclv 
win acquire in falling through such a space^ is 
known to be what would carry it nearly at the rate 
of 15,07 feet in 1" of time; whence the velocity, 
to which this has the ratio of 1 to 1 10,7, is a ve- 
locity which would carry the ball at the rate of 
15,07 X 110,7 feet in l^af time; that is, at the 
rate of l668feetin 1* of time. And this is the 
velocity which, accoi-ding to the theory, the bullet' 

in 
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in the present circumstances would acquire from 
the action of thu i)owder, during the time of its 
dilatation. ' ' 

And this being once computed for one case, is 
easily applied to any other; for, if the cavity DE 
GC left behind the bullet be only in part filled 
with powder, then the line HF, and consequently 
the area FHQB, will be diminished in the pro- 
portion of the whole cavity to the part filled ; if 
the diameter of the bore be varied, the lengths AB 
and AF remaining the same, then the quantity of 
powder and the surface of the bullet, which it acts 
on, will be varied in the duplicate proportion of the 
diameter ; but the weight of the bullet will vary in 
the triplicate proportion of the diameter ; where- 
fore the line IH, which is directly as the absolute 
impelling force of the powder, and reciprocally as 
the gravity of the bullet, will change in the reci- 
procal proportion of the diameter of the bullet — 
U^ AF, the height of the cavity left behind the 
bullet, be increased or diminished, the rectangle of 
the hyperbola, and consequently the area corres- 
ponding to ordinates in any given ratio, will be 
increased or diminished in the same proportion.— 
From all whidh it follows, that the area FHQB, 
which is in the duplicate proportion of the velocity 
of the impelled body, will be directly as the loga- 
rithm x>, (where AB represents the length of the 
barrel, and AF the length of the cavity left behind 
the bullet) also directly as the part of that cavity • 
filled with powder, and inversely as the diameter of 
the bore, or rather of the bullet, likewise directly 
as AF the height of the cavity left behind the buU 
let. Consequently the velocity being computed 
atove, for a bullet of a determined diameter, 
placed in a piece of a given length, and impelled 
oy a given quantity of powder, occupying a given' 
cavity behind that bullet ; it follows, that, ])y 
•means of these ratios, the velocity of any other 

bullet 
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bullet may be thence deduced, the necessary cir- 
cumstances of its position, quantity of powder, <§*c. 
being given. Where note, that in the instance of 
, this proposition, we have supposed th/s diameter of 
the ball to be i of an inch : whence the diameter 
of the bore will be something more, and the quan- 
tity of powder contained in the space DEGC will 
amount to exactly 1 2dw, a small wad of tow in- 
cluded*.* 

SCHOLIUM. 

In this proposition we have taken for granted, 

Isty That the action of the powder on the bul- 
let ceases, as soon as the bullet is got out of the 
piece. 

Qdlyj That all the powder of the charge is fin 
before the bullet is sensibly moved from its plaf 

These assumptions we are now to demonstrate. 

The first will, I presume, appear manifest, when 
it is considered, how suddenly the flame will ex- 
tend itself on every side, by its own elasticity, 

when 

* An algebraic inTestigation of the rale for the yelocity of 'the 

ball, maj be seen in vol. 2 of Dr. Hutton^s Course of Mathema- 

tics, vlzv in prob. 17, near the end' of the rolume, p. 350, edit. 

4. And the theorem thence deduced, b this: y = 2713 x 

nh b * • ^ 

-v/Ct- X log. of ^). for the velocity with which ^e bail qnits 

the muzzle of the gun ; where d denotes the diameter, of the 
bore, e the specific gravity of the ball, or the weight of a cubic 
foot of its matter, h the length of the cylinder or ])ore filled 
with powder, b the whole length of the gun-barrel, a the length 
to the hinder part of the ball, and.n the first force of the fired 
powder, which Mr. Robins assumes equal to 1000. fiut when the 
force of the inflamed powder is considered as carrying, both its own 
weight and that of the ball before it, the more accurate theorem, 

there stated, is this, y =2713 -v/(J?L-- — -^ x log. of -) 
' ' ^de + 660 a ^ a^ 

And by comparing the calculations from this theorem with very 

accurate experiments, there noticed, the ihedium value of the 

fii^t force n, comes put about 1506 or 1600, instead of 1000« 

1^ pa. 356 of that book. TI. 



80 NEW PRINCIPLES 

when it is once got out of the mouth of the piece ; 
for by this means its force will then be dissipated, 
and the bullet will be no longer sensibly affected 
by it. 

The second principal is, indeed, less obvious, 
being contrary to the general opinion of almost all 
writers on this subject. But^ however, it is not 
less certain. It might, perhaps, be sufficient for 
the proof of this position, to observe the prodigious 
compression of the flame in the chamoer of the 
• piece. Those who will attend to 'this circumstance, 
and to the easy passage of %he flame through the 
intervals of the grains, may soon satisfy themselves, 
that no one grain contained in that chamber can 
continue for any time uninflamed, when thus sur- 
rounded and violently pressed by so active a fire. 
However, not to. rely on mere speculation in a 
point of so much consequence, I considered, that, 
if part only of the powder is fired, and that suc- 
cessively, then by laying a greater weight before 
the charge, (suppose 2 or 3 bullets instead of one) 
a greater quantity of powder would necessarily be 
fired, since a heavier weight would be a longer 
time in j^assing through the barrel. Whence it 
should follow, that two or three bullets would be 
impelled by a much greater force than one only. 
But the contrary to this appears by experiment ; 
for firing one, two, and three bullets, laid contigu- 
ous to each other, with the same charge respec- 
tively, I have found ( by a method to be mentioned 
hereafter) that their velocities were not much dif- 
ferent from the reciprocal of the subduplicate of 
their quantities of matter ; that is, if a given charge 
would communicate to one bullet a velocity of 
1700 feet in 1", the same charge would communi- 
cate to two bullets a velocity from 1250 to 1300 
feet in T, and to three bullets, ,a velocity from 
1050 to 1110 feet in I". From hence it appears, 
that, whether the piece be loaded with a greater or 

less 
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less weight of bullet, the action of the powder is 
nearly the same; since all n^athenmticians know, 
that if bodies containing different quantities of 
matter are successively impelled through the same 
space by the same power, acting with a determined ^ 
force at each point of that spac*e, then the veloci- 
ties^^iven.to those different bodies will ht recipro- 
cally in the subduplicate ratio of their quantities of 
matter. The excess of the velocities of the two 
and three bullets above what they slWiild have 
been by this rule, (which are that of 1200 and 980 
feet in I") does doubtless arise from the flamcj 
which escaping by the side of the first bullet, acts 
on the surface of the second and third. 

Now this excess has in many> experiments. Been 
imperceptible, and the velocities' have been recir 
procally in the subduplicrate ratios of the number 
of buUet/S to sufficient .Exactness; and where J this 
error has . been greater, it has n^ver arisen to an 
eighth part of the whole ; but if the common opi^ 
nion was true, that a small part only of the pow- 
der fires at first, and other parts of. it successively, 
as the bullet passes through the feap^tl, and that a 
considerable part of it is often Wdwn out of the 
piece without firing at all; then the velocity, 
which three bullets recerved . from the explosion, 
ought to have been much ^redter than we have 
ever found it to be; since the time of the passage 
of three bullets through the barrel being nearly 
double the time, in which one passes, it should 
happen, according to thjs vulgar supposition, that 
/ in a doable time a much greater quantity of the 
powder should be fired, and consequently a greater 
force should have been produced, than what acted 
on the single bullet only, contrary to all our expe- 
riments. 

But further, the truth of the second postulate 
will be more fully evinced, when it shall appear, as 
it will hereafter, that the rules founded on this 






82 NEW PRINCIPLES 

supposition ascertain the velocities of bullets im- 
pelled by powder, to the same exactness, when 
they are acted on through a barrel of 4 inches in 
length only, as when they are discharged from one 
of four feet. 

With respect to the grains of powder, which are 
often blown out unfired, and which are always 
urged as a proof of the gradual firing of the charge, 
I believe JJiego Uffano^ a person of great experi- 
ence in the art of Gunnery, has given the true rea- 
son for this accident ; which is, that some small 
part of the charge is often not rammed up with 
flie rest, but is left in the piece before the wad, 
and is by this means expelled by the blast of 
air before the fire can reach it'; I must add, 
that in the charging of cannon and small arms, 
especially after the first time, this is scarcely to be 
avoided by any method, I have yet seen practised. 
Perhaps, too, there may be some few grains in the 
best powder of so heterogeneous a composition as 
to be less susceptible of firing, which I think I 
have myself observed : these, though they are sur- 
rounded by tlie flame, may be driven out unfired. 
However, be that as it may, the truth of our posi- 
tion cannot in general be questioned. 
, Having in this proposition shewn how the velo- 
city, which any bullet acquires from the force of 
powder, may be computed upon the principles of 
the theory laid down in the preceding propositions 
of this treatise ; we will next shew, that the stctual 
velocities, with which bullets of different magni- 
tudes are impelled from different pieces, v^ith dif- 
ferent quantities of powder, are really the same with * 
the velocities assigned by these computations; and 
consequently, that this theory of the force of pow- 
der, here delivered, does unquestionably ascertain 
the true action and modification of this enormous 
power. 

But 

• Dialog, 20. 
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But in ordier to compare the velocities commu- 
nic^Lted to bullets by the exploaion, with the velo- 
cities resulting from the.theory by computation;. it 
is necessary, that the actual velocities, with which . 
bullets move, should be capable of being disco- 
vered, which yet is impossible to be done by any 
methods hitherto maae public. The only nsieans 
hitherto practised by others for that purpose, jx^ye 
been either by observing the time of the flight of 
the shot through a given space, or by measuring 
the range of the shot at a given elevation ; and 
thence computing on the parabolic hypothesis, 
what velocity would produce .this range. The 
first method labours under this insurmountable 
difficulty, tliat the velocities of tfiese bodies are 
often so swift, and consequently the time observed* 
is so. short, that an imperceptible error in that time 
may occasion an error in the velocity, thus found, 
of 2, 3^^ 4, 5, or- 600 feet in a second. The other, 
method is so fallacious, by reason of the resistance 
of the air, (to which inequality the first is alsio 
liable) that the velocities thus assigned may not 
be, perhaps, the tenth part of the actual velocities 
sought. 

^ To remedy, th^n, tliese ihconveniencies, I have 
invented a new method' of finding the real veloci-* 
ties of bullets of all kinds ; and this to such a de- . 
gree of exactness, (which may be augmented too ' 
at pleasure) that in a bullet moving with a velocity 
of 1700 feet in V, the error in the estimation of it 
need never amount to its five hundredth part; and 
this without any extraordinary nicety in the con- 
struction of the machine. The description and 
use of which is the subject of the next proposition. 

F 2 PROP. 
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PROP. VIII. 

To determine the Velocity^ which any Ball moves 
with at any Distance from the I^iece, it is 
discharged from. 

X HE simplest metliod of effecting this, is by 
means of an instrument like to that exhibited in 
the engraved figure, where A BCD represents the 
body of the machine, composed of the three poles 
B, C, D, spreading at bottom, and joining toge- 
ther at the top A ; being the same with what is 
vulgarly used in the weighing and lifting of very 
heavy bodies, and is called by workmen the trian- 
*gles. On two of these poles, towards their tops> 
ate screwed on the sockets RS ; and on these 
sockets the pendulum EFGHIK is hung by means 
of its cross piece EF, which becomes its axis of 
sU$f)ension, and on which it must be made to vir 
brate with great freedom. The body of this pen- 
dulum is made of iron, having a broad part at. 
bottom, which cannot be seen in this scheme; biit 
its entire shape is represented in the annexed 
figure A. 
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The lower part of the pendulum is covered with 
a thick piece of wood GKIH, which is fastened 
to the iron by screws. Something lower than the 
bottom of the pendulum there is a brace OP, join- 
ing the two poles to which the pendulum is* sus- 
pended ; and fo this brac-e there is fastened a con- 
trivance _MNU, made with two edges of steel, 
bearing on each other in the line UN, something 
in the manner of a drawing-pen ; the strength witVv 
which these edges press on each other being dimi- 
nished or increased at pleasure, by means of a 
screw Z going through the upper piece. There is 
fastened to the bottom of the pendulum a narrow 
ribbon LN, which passes between these steel edges, 
and which afterwards, by means of an opening cut 
in the lower piece of steel, hangs loosely down, as 
at W. ^ 

This instrument thus fitted, if the Weight of the 
pendulum be known, and likewise the respective 
distances of its centre of gravity, and of its centre 
of oscillation, from its axis of suspension, it will 
thence be known, what motion will be communi- 
cated to this pendulum by the percussion of a body 
of a known weight moving with a knoM'n degree 
of celerity, and striking it in a given point ; that 
is, if the pendulum be sifpposed at rest before the 
percussion, it will be known, what vibration it 
ought to make in consequence of such a deter- 
mined blow; and, on\ the contrary, if the pendu- 
lum, being at rest, is stiuck by a body of a known 
weight, and the vibration, Avhich the pendulum 
makes after the blow, is known, the Velocity of the 
striking body may from thence be determined. 

Hence, then, if a bullet of a known weight 
strikes the pendulum, and the vibration, which the 
pendulum makes in consequence of the stroke, be 
ascertained ; the velocity, with which the ball 
moved, is thence to be known. 

Now the extent of the yibrationj made by the 

F 3 pendulunr 
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pendulum after the blow, mjiy be measured t 
great accuracy by the ribbon LN ; for let the 
pressure of the edges UN on the ribbon be so re- 
gulated by the screw Z, that the motion of the 
ribbon between them may be free and easy, though 
with some minute resistance; then settling the 
pendulum at rest, let the part LN between the 
pendulum and the edges be drawn straight, but not 
straiiied, and fix a pin in that part of the ribbon, 
which is then contiguous to the edges : let now a 
ball impinge on the pendulum, then the pendulum 
swinging oack will draw out the ribbon to the just 
extent of its vibration, which will consequently be 
determined by the interval on the ril)bon between 
the edges UN, and the place of the pin. 

But the computation, by which the velocity of 
the ball is determined from the vibration of the 
pendulum after the stroke, requires a more parti- 
cular explication ; and for this purpose we will ex- 
hibit, as an example, the pendulum made use of 
by us in some of our experiments. 

The weight of the whole pendulum, wood and 
all, was 56 lb. 3 oz. its centre of gravity was 52 
inches distant from its axis of suspension, and 200 
of its small swings were performed in the time of 
253 seconds; whence its centre of oscillation (de- 
termined from hence) is 62f inches distant from 
that axis. The centre of the piece of wood GKIH 
is distant from the same axis 66 inches. 

In the compound ratio of 66 to 624-, and 66 to 
52, take the quantity of matter of the pendulum 
to a 4th quantity, which will be 42 lb. 4- oz. Now 
geometers will-know, that if the blow be struck in 
the centre of the piece of wood GKIH, the pen- 
dulum will resist to the stroke in the same man- 
ner, as if this last quantity of matter only (42 lb. 
4- oz.) was concentrated in that point*, and the 

rest 

* T* '" IP the catic only v lien that point is the centre of os« 
« cilJation ; 
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est of the pendulum was taken away; whence, 
Supposing the weight of the bullet impinging in 
that point to be the tV of a pouncj, or the t^tt of 
this quantity of niitter nearly, the velocity of the 
point of oscillation after the stroke will, by the 
laws observed in the congress of such bodies as 
rebound not from each other, be the -j4t of the 
velocity, the bullet moved with before the stroke ; 
whence the velocity of this .point of oscillation af- 
ter the stroke being ascertained, that multiplied by 
505 will give the velocity with which the ball im- 
pinged. 

But the velocity of the point of oscillation after 
the stroke is easily, deduced from the chord of the 
arch, through which it ascends by the blow ; for it 
is a well-known proposition, that all pendulous bo- 
dies ascend to the same height by their Vibratory 
motion, as they would do, if they were projected 

directly 

^illation ; a circumstance forgotten to be noticed when this tract 
was first printed in the year 1742, but which was mentioned bj 
the author, in the Philos. Transactions for the year following, 
where the rule, is properly corrected, and where we are informinl 
that the first example here given only requires to be corrected^ 
as all the other examples in the 9th prop, following, were com* 
puted by the corrected rule. The necessary correction for the 
above rule, is to increase the velocity in the ratio of the distances 
of the centres of oscillation and percussion, below the axis of 
suspension. And that remark, had M. Euler observed it, might 
have spared him the trouble of many of his animadversions on 
Mr. Robins's work. As to the rule, in an algebraical form', the 
easiest that I know ofy is that given in my volume of Tracts, 

printed in 1786, p. 119, viz. v — 614.58 g c x - ^ /" . fop 

the velocity of the ball in feet : where b denotes the weight of 
the ball, p the weight of the pendulum, g the distance to the 
centre of gravity, t the distance to the point of impact or point 
struck, c the chord of the arch described by the pendulum, to 
the radius or distance r, and n the number of small vibrations 
the pendulum makes in one minute or 60 seconds ; and where 
the values of the quantities c, g, i, r may be taken in any one 
and the same measure, either all inches, or all feet, &c. ; also p 
and b in any one measure, either pounds or. ounces, &c. H. 

F4 
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directly upwards from their lowest point, with the 
same velocity they have in that point; wherefore, 
if the versed sine of the ascending arch be found, 
(which is easily detemiined from the chord and 
radius being given) this versed sine is the perpen- 
dicular height, to which a body projected upwards 
with the velocity of the point ot oscillation would 
arise ; and, consequently, what that velocity is, can 
be easily computed by the common theory of fall- 
ing bodies. 

For instance, the chord of the arch, described 
by the ascent of the pendulum after the stroke 
measured on the ribbon, has been sometimes IJi 
inches ; the distance of the ribbon from the axis of 
ftUsi)eusion is 714- inches; whence reducing 17t i^i 
the ratio of 714- to 66. the resulting number, which 
is nearly l6 inches, will be the chord of the arch, 
through which the centre of the board GKIH 
ascended after the stroke : now the versed sine of 
an arch, whose chord is l6 inches, and its radius 
66, is 1,93939; and the velocity, which would 
carry a body to this height, or, which is the same 
thing, the velocity, which a body would acquire by 
descending through this' space, is nearly that of 
* 3 J- feet in 1". 

To determine, \then, the velocity, w^ith which 
the bullet Impinged on the centre of the wood, 
when the chord of the arch described by the ascent 
of the pendulum, in consequence of the blow, wa« 
17t inches measured on the ribbon, no more is 
necC/Ssary, than to multiply 3^ hy 505, and the re- 
sulting number ]641t will be the feet which the 
bullet would describe in 1", if it moved with the 
velocity it liad at the moment of its percussion ; 
for the velocity of the point of the pendulum, on 

\vhich 

r 

^ More accurately 3,216. 

f Or rather 1624 = 3.216 x 505. But tho true velocity, 
wlirn compnfed by the correct rule la the last note, comes out 
1669 or near 1700 feet. il. 
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which the bullet struck, we have just now deten- 
mined to be that of 3-^ feet in l" ; and we have be- 
fore shewn, that this is the -j4t of ^^^ velocity of 
the bullet If, then, a bullet weighing -tV of a 
pound strikes the pisndulum in 'the centre of the 
wood GKIH, and the ribbon be drawn out 17^ 
inches by the blow; the velocity of the bullet is 
that of 1641 feet in 1". And since the leneth the 
ribbon is drawn, is always nearly the chord of the 
arch described by the ascent, (it being placed so as 
to differ insensibly from those chords which most 
frequently occur) and these chords ai'e known to 
be in the proportion of the velocities of the pendu- 
lum acquired from the stroke, it follows that the 
proportion between the lengths of ribbon drawn 
out at difterent times, will be the same with that 
of the velocities of the impinging bullets ; and, 
consequently, by the proportion of these lengths 
of ribbon to 17^5 the proportion of the velocity 
with which the bullets impinge to the known ve- 
locity of 1641 feet in 1", will be determined. 

Hence, then, is shewn, in general, how the velo- 
cities of bullets of all kinds may be found out by 
means of this histrument ; but that those, who 
may be disposed to try these experiments,. may not 
have unforeseen difficulties, to struggle with, I 
shall here subjoin a few observatiouis, which it will 
be necessary tor them to attend to, both to secure 
success to their trials, and safety to their persons. 

And first, that they may not conceive the.piece 
of wood GKIH to be an unnecessary part of the 
machine, I must inform them, that if a bullet im- 
pelled by k full charge of powder should strike di- 
rectly on the iron, the bullet would be beaten into 
shivers by the stroke, and these shivers will re- 
bound back with such violence, as to bury them- 
selves in any wood they chance to light on, as I 
have found by hazardous experience ; and besides 
the danger, the pendulum will not in this instance 

ascett^\w 
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ascertain the velocity of the bullet, because the 
velocity, with which the parts of it rebound, is 
unknown. 

The weight of the pcBcluluni, and the thickness 
of the wood, mult be in some measure propor-^ 
tioned to the size of the bullets which are used.— 
A pendulum of the weight here described, will do 
very well for all bullets under three or four ounces, 
if the thickness of the board be increased to 7 or 8 
inches tor the hea,viest bullets : beech is the 
toughest and propeiest wood for this purpose. 

It is hazardous standing bn the side of th^ pen- 
dulum, unless the board be so thick, that the 
greatest part of the bullet's force is lost before \% 
comes at the iron ; for if it strikes the iron with 
violence, the shivers of lead, which cannot return 
back through the wood, will force themselves out 
between the wood and iron, and will fly to a con- 
siderabfc distance. 

As there is no effectual way of fastening the wood 
to the iron but by screws, the heads of which must 
come through the board; the bullets will some- 
times light on those screws, froih whence the shi- 
vers \viU disperse themselves on ev^ry side. 

When in these experiments so small a quantity 
of powder is used, as will not give to the l)ul!et a 
velocity of more than 4 or 500 feet in 1", the bullet 
will not stick in the wood, .but will rebound from 
it entire, and (if the wood be of a very hard tex- 
tme) with a very considerable velocity. Indeed I 
have never examined any of the bullets, which 
have thus rebounded,, but I have found them in- 
dented by the bodies^ they have struck against in 
their rebound. ' 

To avoid, then, these dangers, to the braving 
of which in philosophical researches no honour w 
annexed ; it will be convenient to fix whatsoever 
barrel is us^d, on a strong heavy carriage, and to 
fire it with a little slow match. Let the barrel too 
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be very well fortified in all its length ; for no barrel/* 
(I speak of musket- barrels) forged with the usual 
dimensions, will bear many of the experiments re- 
cited hereafter without bursting, as I have found 
to my cost. The barrel, I have most relied on, 
and which I procured to be made on purpose, is 
nearly as thick at the muzzle as at the breech ; that 
is, it has in each place nearly the diameter of its 
bore in thickness of metal. 

, The powder used in these experiments should be 
exactly weighed, and that no part of it be scat- 
tered in the barrel, the piece must be charged with 
a ladle in the same manner as is practised with 
cannon, the wad should be of tow of the same 
weight each time, and no more than is just neces- 
sary to confine the powder in its proper place ; the 
length of the cavity left behind the ball should be 
determined each time with exactness ; for the in- 
creasing or dimiilishing that space will vary the 
velocity of the shot, although the bullet and quan-, 
tity of powder be not changed. The distance of 
the mouth of the piece from the pendulum ougTit 
to be such, that the impulse of the flame may not 
act on the pendulum ; this will be prevented in a 
common barrel charged with 4- an ounce of pow^- 
der, if it be at the distance of 16 or 18 feet ; in 
larger charges the impulse is sensible farther off^; • 
I have found it to extend to above 25 feet ; how- 
ever, between 25 and 1 8 feet is the distance I have 
usually chosen ; other precautions, which arc ne- 
cessary, will better find their place in the account 
of the experiments I have made, to which I now 
hasten*. 

PROP. 

* Many improvements of the machinery, of this ingenious 
-way of discovering the velocity of shot, may be seen in ray 
Tracts, before-mentioned ; where the method is extendeo to the 
practice with cannon bails of considerable size^ and illustrated by 
very numerous and varied examples, H. 
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PROP. IX. 

To compare the actual Velocities with which 
Bullets of different Kinds are discharged from 
their respective Pieces^ with their Velocities 
computed from the Theory. 

XTow to determine the actual velocities with 
which bullets are discharged, has been amply 
shewn in the last proposition ; and how to compute 
the velocity with which they would be discharged 
according to our theory, has been likewise fully 
explained in the sixth proposition; we shall here 
then compare the result of our theory with expe- 
rience, and thence evince, how accurately that 
theory agrees with the real motians of bullets, 
though founded on principles no ways connected 
with these experiments. 

The first experiments, I shall exhibit, were made 
.with a barrel of the same dimensions with the ex- 
ample of the sixth proposition, the ball being ^ of 
an inch in diameter, the length 45 inches, and the 
cavity containing the powder 24- inches, which, as 
the barrel exceeded the bullet in diameter by about 
the :fV of an inch, just contained 12dw. of 
powder. 

The bullet thus made use of was -iV of a pound, 
avoirdupois, in weight, and consequently the same 
with the example of the seventh proposition ; but 
the board on the pendulum used here was 4lb. 
lighter than what js assigned in that example; 
from these circumstances, and the velocity wnich 
by the theory the bullet ought to be discharged 
with, there is known the chord of the arch mea- 
sured on the ribbon, through which the pendulum 
should ascend after the stroke, if the theory be 
true : how near this agrees with our experiments, 
will appear by the following table : 

. . - No. 
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No. 
1 

2 
3 



Qaaotity of 
Powder. 



Ow. 
12 

12 

6 



Chord of its ascend- 
ing arch measured on 
the ribfc^n. 



18,7 
}9,6 
13,6 



The same by 
the theory. 



19,0 
19,0 
13,4 



Error of the 
theory. 



+,3 
— ,2 



The next experirrients were made with the same 
barrel, but the board on the pendulum w;as now of 
httle more weight than that in the example of the 
seventh proposition. * 



No. 

4 
5 
6 

7 
8 

• 

9 
10 
11 
li^ 
13 



Lengtii 
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' con- 


tainifig the * 


powder or 


line AF, in 


1 


K ' 


Inches. 


■ 2. 


i: : 


2 


i: 


1 


1 
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1 




2 


+ 


■ 2- 
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2 


•■I- 


•2 

f 


4' 


■2- 


i 


■2 

■ 


4 


2 

•; < 5 

. 1 





Quantity 


Chord of its 


The same by 


of powder. 


ascending 
arch mea-' 


the theory.' 


• ■ V 


sured on the ' 






ribbon. 


_ 


Dw. 


Inch. 


Inch* 


6 

» 


11,9 


12,1 


6 ' 


12,2 


12,1 •- 


6 


. 13,2 


13,6 


6 


13,9 


13,6 


12 


16,7 


17,2 


~ 12 


17,5 


17,2 


12 


16,9 


1*6,8 


IS 


17,0 


16,8 


6 


.H,7 


11,5 


6 


11,1 ' 


11,5 


12 


16,7 


16,3 



Error c^ the 
theory. ,. 



Inch. 

+ ,2. 

-,1 
+ ,4 
-,3 

+ ,5 
-,3 

-;2 

~,2 

+ >4 

-,4 



Thfe lalst five numbers resulting from t|ie theory 
are corrected from the quantity of bullets lodged 
in the board, which, as many- other experiments of 
a different kind were tried in the interval, amount- 
ed at last to above two pounds ; whence the weight 
of the pendulum being increased, its vibration 
with the same blow must be proportionably dimi- 
nished. 

The 
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The next experiments were made with a barrel 
of the same bore with the last,, but only 12,375 
inches in length : to distinguish them, we shall 
for the future denominate the first barrel by the 
letter A, and this short one by C. The board on 
the pendulum was at first rather lighter tha^ in the 
example 6f the seventh proposition. 



Error 
of the 
theory/ 
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' In some pf thie following experiments a third 
barrel was us^d of the' same bore with the otl^er 
two, but 24,312 inches in length: this.barrtl I 
denominate B ; the boafd fixed on the pendulum 
was at first but little heavier than that in the se- 
venth proposition ; and when in the course of the 
e:jtperiments it is sensiby increased in the weight, 
I diminish the numbers arising from tlie theory by 
a corresponding part . / 

. No. 
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2 i 


6 


8,7 


9,. 


+ .3 


29 


c 


2 -I- 


12 


12,3 


12,5 


+ ,2 


30 


B 


■2 4- 


12 


14,4 


14,4 


0,0 


31 


B 


2 4- 


12 


14,4 


14,4 


0,0 


32 


B 


2 -f 


6 


10,3 


10,5 


+ ,2 


33 


A 
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4 


12 
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The error in the 26 and ^7th experiments beitig 
much greater than what has occurred to me in any 
other trials, I suspect, that some mistake was made 
in the weight or the powder, or that the barrel 
(which had indeed lain by in a moist place) was 
very damp ; which circumstance, I know by expe- 
rience, will considerably diminish the action of the 
powder. 

The following experiments were made with a 
pendulum much heavier, it weighing in the whplfe 
97lb. its centre of gravity was 55,625 inches distant 
from its axils of suspension, and 200 of its small 
swings were performed in the space of 255'^) 
whence its centre of oscillation is 63,9 inches dis- 
tant from the axis of suspension. Also sometimes 
another barrel was used 7,06 inches in length, and 
,83 in diameter; its ball was exactlv fitted to the 
bore without any windage, so that it went in with 
difficulty ; the weight of this ball was 33i- dw. — 
This barrel we shall denominate D. 
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The error in the 50th experiment^ the greatest 
in this set, was doubtless owing* t6 the wind ; for 
the 49, which was made immediately^ before it in 
the same manner, and with the same quantity of 
I>owder, differs but little from the theory. Tb^. 
excess of tlie 38th experiment above the theory, 
was in part occasioned, by the impulse of the flame . 
on the pejidulum, which in this large quantity ofj 
powder was plainly to4^e disccrfi^d... 

This theory is farther confirmed top, ly experi- 
ments made on the action 6f very, small quaftti^ies, 
of powder. We have hitherto supposed ^he ppw- 
' der when fired to be equia.Uy hot with iron at .t;!!!/©- 
beginning of its white h^at, bat:wehaveobsei*vedij 
that in very small quantities of powiter the h(?aA:i% 
probably less than Ums, and consequently the elas- 
ticity in those; cases less than what arises from this 
sup^position. Now this decrease, of elasticity in 
small quaftjiti^s pf powder we hdye fcjund j)y many 
tiials actually to take place ; for i;nstance, in- tbor 
example of the 7th. proposition, the velocity, which 
should be given to tire ball by the actioai of the 
powder according to the theory^ is in roupd num- 
bers that of 1670 feet in iV^tnd thjs velocity we 
have; fqund: in the preceding exjji^rijne^tj^ to be the 
medium velocity, which the ball really receives ia 
those; circumstances... lfno>v, tlje barrel and posi- 
tion of the ball remaining the same, there be placed 
in the same space DEGC continuing likewise the 
same Idw. of powder instead of 12, which is the 
quantity supposed in that example ; it follows frpqi; 
the principles there laid ;down, that if the elasti- 
city of the smaller charge be the?sai;ne in propor*- 
tion to its quantity \yith that of the larger, then 
the velocity of the bullet, when impelled by the 
explosion of the Smaller charge, will be to the vcn 
locity of a bullet impelled by the greater charge, 
in the subduplicate ratio of the quantities of the 
respective charges ; that is^ in the subduplicate ra- 
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fain the- true and ^gcuuine (leterniiiiation of the 
force and manner of actijtij;. of fiired gunpowder. 
v-Tbistheoryv asjbere efitablislied, supposes^ that ini 
the firing of gunpowder about -~o--of its substance is! 
converted by the sudden, inflammation into a per- 
manent clas'tic fluid, whosfe Elasticity, in proportion 
to its heat and density, is the same witli that of 
C5<Jhim)« airrin .tire iftae 'ciicumjitajdqes ; it. farther 
supposes; thaft all tbe-force exerted by gunpowder, 
ip-its most violent operation's,: is. no. niore than the 
actioti-o£ the elasticity of the tlwid thus generated ; 
a^itbese-jiiinciples enable: lis, as'ive:have:9etin, ix>: 
determine thev^vclociticfif ? of ,lnillets inipelkd. from. 
fiiscJ-armsf of^a'H'kinds^ and.areifuUy suftijdent.for 
a£L pnrposes, where the force of gunpowdcr.i'5 tt). be 
estxnfiated. TWljutlter this fluid be-true and.geijuinc. 
ajr;:'0r anbther substance, we/ s)\aU. not discussi.in: 
thipJacB^casoitciK-iia en(piiry':iio' ways: cojw^ected 
with>therideHi;gnjc)fthi&:treatise.i:; .. / .;. , >. . 
,XKyom this theoiy many .deductions, may ^bc <nade. 
of ■tflibrgrbatefe<poaiiseqnclica.to the- pr^ttit-al part of 
Guiihferyi v Fuom henoe the tliicktiesi^ of- ^ piece, 
whidh M^illcnatfieittoX'onfirtdAv^itbowt.buretting any. 
gi*entohal'ge<rf powiler, is easily determinbd; since 
theeftbrt of •the-'pbArdcr isNknown. Frpui hence 
iippears theaiictoiicbMlvcncss of. Svbat sonie!Jn)odein 
authors have advEnced, . relating to the advftutagei* . 
of particular forniddbr the chtim'bers of nfiOjtiW^ a^nxi- 
cannon''; fbr^lMthoir labourKKl apeoulatipos o|i:*jljiis 
l>6a'd are evidently foun<^ed;oh very errofteoujSi.opi- 
rlioiis alxjut the action of fired ppyvrden Jirortfi; this 
thoiryi,' too, Htixt re taught the: ne.cessity of leaving 
tlie same space bie:hiiid the bbllet,:Avhen we would 
by the same, quantity of plowdex .communicate, the 
same velocity; to. the bullet;/ since on our priiiciplea 
it 'folio wsj. that the same powder has a grfatefcOr 
less degree of "elasticity, according to the diflfbrent 
siiaces' it occupies. The method, which I have 
always practised for tliis'- purpose, has been by 

marking 
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Hiarking the rammer;' and this is*;a maxim,> vvliich: 
ought not to he clispensocl with, wiien cannon are 
fired' atan ele\^tion^ pai'tiGularly in those, called hy^ 
the Frenoh Batter iis-^ ricochet.^ - .7/ 

» From the continwied action of die .powder, and; 
its iimuner of 'expanding described in tins theory^ 
and the tength and weight of the piece ;:one of .thei 
most essential circumstances^ in the- well-directing 
of artillery may be easily ascertained.;. All pi^c* 
titioners are agreed, that no shot can .be de-pepded 
on, Unless the piece be placed on a solid. platfpnn.} 
for if the platform shakes with the fi£«t: impuli¥i of 
the powder, it is impossible but/tb^r piece must 
likewise shake, which will alter it^ direction, aqd 
render its shot. uncertain. Ta prevent ; this ae?!? 
dent, the platform is usually macje exfi:emeiy firni 
to a considerable depth backwards ; so; that the 
piece is not only well supp6rted in th$>.l)eginning 
of its motion, but likewise through, a great part of 
its recoil. Howevef, it is sufficiently obvious, that 
\yhen the bullet is separated from the piece, it can 
be no longer affected by the trembling' of the piece 
or platform ; and by a very easy computation it will 
be found, that in a piece 10 feet inlen^h, caiTy- 
ing a huUet of 24lb. and charged ^^wiih I6*lb, of 
powder, the bullet will be. out of ^ille f>ic;ce, before 
the piece has recoiled -^ an incb-jwhence, if the 
platform be sufficiently solid- at the beginning of 
the recoil, the remaining part qf it may he, much 
slighter ; since its unste^iness,beyoud the first ^ 
inch will hayg no in^lii^pv.e 9!^ ^k^ direction of :^^e 
shot. And he^ice «a% nVore compendious method of 
constrwQ ting p,l^tfQrjm& i^ay^ be fovmd; ,Qut. . . , ., 
Fro^ .thi8;^he(^^-it')ftl§o .^ppe^f$,.,)>0^ g^P^y 
: tl^oi^ei »uthpr«^ W^^i fe^en mistal^^iV w,horhave atjaj^ 
buteditlie, f^rce pf g*i(rjip(>wd;ev,. or at least ^a pojnsi- 
derabk(>art of it,.to,tlie ^\qn,of,^t]}6^aii\fai^Siiuj^ 
eitlltili**t^Q ponder on betwe^p ^l^int^]y3t\^ .of tlje 
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tinCtly enough) that air to exist in its natural elas-f 
tic state, and to receive all its addition of force 
from the heat of the explo&ton. But, from what 
we have experimented in the fifth proposition, re-f 
felting to the increase of the elasticity of the air by 
htat, we may conclude, that thef heat of the ex-> 
plosion cannot augment the elasticity of the air to 
fivie times its common quantity ; consequently, the 
fbt'ce arising from this cause onlv cannot am^ount 
to more than the 24)Oth part of the real force ex- 
erted on this occasion. 

Havings thus dispatched the general confirmation 
6f our theory^ we shall proceed to the examination 
hf some other particulars relating to this subject ; 
which, though easily enough flowing from the 
principles already laia down, do yet, from the no- 
velty and singularity of the matter, merit a cir* 
Cumstantial discussion. 

I 

PROP. X. 

To assign the Changes in the Force of Potpdet^ 
which arise from the different State of the 
Atmosphere. 

all the e5?periments I have hitherto examined, 
I have never been able to discover, that the varia- 
tion of the density of the atmosphere did any way 
alter the action of powder, although I have made 
several hundred shot in very different seasons : in 
particular, I have soriretimes com pated the trisiLs 
made at noon, iti the hottest summer siin^ with 
those made in the fitjshriess of the morning and 
evening, and I could not perceive any certain dif- 
ferehte between them, ai^d it waa' the same with 
iftfe trials made in theni^it alndl iti winter; although 
in this variety |of seasons, thb density of the at- 
tnoisphereinust have been viry diflfferent :■ ipdeed,^ta 
W^ have iseen that the same quantity df tluit fluid, 
ih' trhiththe force of po\Vde]r<?on5}»te, ie^geMvafed 
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in a vacuumj and in common air, it is difficult to 
eonceive how this force can bi^ a#ected by the 
greater or lesser density of the ^tmo3pl>ere. 

But though the density of- the atmosphere; has 
no influence on the force of powder, yet its mois*- 
tnre has a. great one; for tlie same quantity of 
powder, wliich in a dry season would communicaibe 
to a bullet a velocity x)f 1/00 Let in 1", \villnotin 
<lamp weather communicate to the same bullet, 
placed in the same manner, a velocity of more, 
perhaps, tha:n 12 or 1300 feet in }% or still less, if 
the poMfder be of a bad sort, and has been pegli- 
geptly,kept. And this decrease of the force in 
damp powder appears by my- experimeiits to b^ 
very unsteady and variable; so that 2 shotmad^ . 
with equai. quantities of such powder, ta^en out of 
the same parcel, will differ considerably frojn e?icb 
other, perhaps ten times more than if t^e ppwder 
was in good order ; and as far as this uncertaiiity 
in its effects will permit me, I seem to collect, that 
a small charge loses a greater^^art of its force than 
a larger, provided each are equally damp. Anor 
ther circumstance attending damp powder, is a 
remarkable foulness in the piece after firing, much 
beyond what arises from an equal quantity of dry 
powder. 

Now all these effects are easily to be .accounted 
for, when it is known, that powder will imbibe 
moistjure from the air ; for as a certain quantity o£ 
w^teJr,mixed with powder will prevent its firing at 
all, it follows, that every degree of moisture in 
powder, though insufficient to produce this effect/ 
will yet abate the violence^ of it«f explosion, and 
wiUrj-eftdQiF: the fire thereby pBoduced less vehement 
than it would otherwise be ; whence a les$ qilan- 
tilyrof ^Juid^wiilAie ihithis<:ase gpneratqdr! and the 
3stfill6i<>f t-hat flaid* ftnjd itB,.el.a.^tio}ty: i^ like\Vise leiss":; 
jcoOT^qiifWllyi tbi3 qt:ti«n ,9^. damp pliivdei- tnu^t> ^n 
.i/.H .r. ..?aiq>: s r/A* ;.-G 4;t :nil io vi..::/ tltts 
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this two-fold account, be diminished according to 
the degree of n^disture with \vhich it is impregnated. 

And as bad powder usually contains some com-^ 
mon salt in it, by reason of the little care taken in 
the refining of the nitre, and as common salt im- 
bibes moisture in a stronger degree than nitre^ it 
is not difficult to conceive, how bad powder should 
*in a moist season be more impregnated with mois- 
ture than good, and should consequently lose 
more of its force. 

The uncertamty in th^ effects of damp powder 
arise*, I presume, from the different degrees of 
' dryness it acquires in the piece ; for as, after the 
first or second firing, the barrel grows warm, if the 
powder is contained any time in it, some part of 
Its "moisture will be thereby evaporated ; and as th^e 
heat of the barrel, and the time of the charge con- 
tinuing in it, are circumstances, which in their na- 
ture are very uncertain, it is not to be wondered 
at> that the evaporation, and consequently the ad^ 
tioti of the powder, is Hkewise uncertain. I must 
remark, on this head, that, in the driest seasons, I 
have found th^ coldness of the barrel, and perhaps 
some httle moisture condensed in its cavity, to 
liave sepsibly diminished thcforce of the powder 
in the first shot. , ; 

That small quantities of powder should have 
their action more diminished than larger quantities 
with the same degree of moisture, naturally follows 
from the smaller degree of heat, with which (as 
we have observed above) the explosion of small 
charges is attended ; since the same proportion of 
moisture must- of necessity clog a weak fire more 
effectually, than it can do one which 16 more 
violent. 

The remarkable foulness of the piece, from the 
firing of damp powder, which we have* mentioned 
abovCy must likewise arise from the diiAimition of 
tJib activity of the fire m the explosion. For, 

1 wheu 



OP GUNKIERY. 105 

when powder is ©f a proper temperature to fite 
readily and violently, the greatest part of its 8ul> 
stance ought to be consumed to ashes, which will 
X tien be discernible in the form of a greyish sub- 
stance on all bodies placed near the mouth of jtfae 
piece ; ^and the foulness of tlie piece is owing to 
those parts of the powder, which, either by their 
contiguity to the cold barrel, or their less inflam- 
mable composition, are but imperfectly burnt; 
now since moist powder produces a less' violent 
flame, in proportion to the moisture it imbibed ; it 
must follow, that a smallerpart of thepmvderwili 
in this .case be perfectly consumed, and conse- 
quently a greater part will remain to contribute to 
the foulness of the barrel 

SCHOLIUM. . ; 

I 4 

Wcf ha\^ asserted, as the basis of 6ur rcasoning 
in this proposition, that powder will imbibe mois- 
ture from the air in a humid state of the atmos- 
phere; but it remains to assign the quantity it can 
thus imbibe, which we shall here endeavour to do 
from our own experiments. 

A parcel of very good powder being placed on a 
white paper, which was pierced with a great num- 
ber of fine holes, and the paper being held over 
tlie steam of hot water, 1 ibund, that in half a mi- 
nute the powder was increased in weight by about 
T^ part. 

Trying another parcel in the same manner, but 
Continuing it longer in the steam, I found that tlie 
powder increased its weight by ^ part; but in 
this case some of the grains adhered together ia 
small lumps, although the figure of the; grains 
themselves was no ways changed., . ♦ 

• To convince myself that the moisture! of the at- 
mosphere would' likewise 'increase, the weight of 
po\vder, I took ^boutaw ounce of powder, which 
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had for &omc tdnie been kept in a room, which hftd 
a* fire in it e\'eiy day, and I found, by drying it 
before the fire, that it lost above ^^^ of ita weight ;-. 
one third of which decrease in weight it had again 
acquired in less than two lioura,- by being removed 
to a different part of the room, at a distance from 
the fn-e. 

Now as the ^weather is often inuch moister tlian 
when I tried this experiment, and as in open air 

this moisture abounds much niore tlian in a room 

» 

where there is a fire, it cannot be douhted, but 
that sometimes the twentieth or thirtieth part of 
the. substance of the best powder is water, which 
may be easily supposed to produce all the effects^ 
we have observed and described in this{>ropositioiL 
But, however, the moisture thus imbibed by 
powder from the air does not, as I have yet ob- 
served, render it less active, when it is dried again. 
The reader must have observed, in the experiments 
of the last proposition, how nearly those made with 
the same quantities of powder, and in the same 
circumstances, agree with each other. In theise 
experiments, though made at different times in the 
course of three, summer months, the dryness of the 
season prevented all the inequalities of this propo- 
sition. But trying the same powder in the winter, 
in a very damp 'season, I found, that though, if it 
was used as in the summer, in its natuml statQ 
without any drying, its effects were very irregular^ 
and much short of those experiments; yet if each 
charge was well dried, just before it was used, no 
diminution of its^force could then be perceivedv 
nor did it appear to act it\ any manner different 
from what it had done in the preceding summer. 
Indeed if the powder- be exposed tothc'grtatsest 
damps without any caution,' or. if common salt 
abounds in it, the moistipe it imbibe$\Tnay,{ per- 
haps, be. -sufiicient ta:;dissolvei.saih&.par.t of - the 
nitre ; which is a lastiisg damagfy tha£ tto dl\ying 

can 
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can letrieVc. But when tolerable care is takenin 

£ reserving powder, and tjie nitre it is composed of 
sCs been well purged from common salt, it will 
retain its force much longer than is usually sup- . 
posed,. I have heard that powder which ha4 been 
well kept, .did not at the "end ot litty years appear 
to be any ways injured by its age. 
• Some care is necessary in the . drying of damp 
powder; for there is a degree of heat, which though 
not sufficient to fire the powder, will yet melt the 
brimstone, and destroy the texture of the grains. — 
Nay more, there is a heat, with which the brim- 
stone will flame and burn aWay gradually, and yet 
the powder will not explode ; of this any one may 
satisfy himself by heating a piece of iron red-hot^ 
^nd then throwing a few grains of powder on it at 
difFercnt intervals, during the time of its cooling ; 
for by this means he will find, that at a certain time 
the separate grains, that fall on the iron, M^ill not 
fcxplode, but will burn with a small blue flame for 
some space of time, the grain stilL remaining un- 
coiisumed. Indeed, when it has begun to burn in 
this manner, it sometimes ends with exploding, but 
this more commonly happens when a number of 
grains lie near together ; for then, though each se- 
parate flame is not sufiicient to explode its respec- 
tive grain, yet the whole fire, made by them altor 
gether^ grows strong enough at last to end in a 
general explosion ; however, by attending to the 
proper temperature of the iron, and spreading the 
grains, I have often covered two or three square 
"inches with a blue lambent flame, which has lasted 
a considerable time without any explosion ; and 
cxamiiring the grains aftcrwaids, I could not per- 
ceive that they had Inst either their colour or their 
shape. Now since these grains, when tlie brim.- 
stone is thus burnt, or; even melted out of them, 
wiil no longer axrt as powder ; it is evident, that . 
■ ' 1 . ' powder 
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powder may be spoiled by being: dried with too 
violent a heat. ...... >.^ 

From the gieat difference in the effects of tnoiat 
and dry powder established in this proposition, it 
appears how very .uncertain and iryegular all thosf 
practical operations of Gunnery may prove, whjerc 
this circumstance is not attended to; and how little 
confidence can be placed in any experiments where 
this cause of inequality could interfere: : 

Before I leave this article, I must mention > a 
suspicion, I once entertained about this ,matter.— r 
As water, when rarefied into vapour, is <genepally 
suppased to be near ten times more elastic than air 
equally heated, I imagined, that possibly the moisf 
ture imbibed by power might, in certain cases, be 
so proportioned to the quantity of powder, that it 
might be converted into vapour by the explosion; 
and that thereby the force of the powder might be 
more increased by the addition or this very clastic 
vapour, than it was diminished by the damping of 
its flame. And I was the more induced to believe 
that this did sometimes happen, fi^om the experi* 
ments of a late author, who tells us that the ranges 
of the same shot, fired from the same mortar,, with 
equal charges of ])Owder, were much greater in the 
freshness of the morning, than in the heat of the 
day. For I was well satisfied, that the mere den- 
sity of the air (to which he seems to impute this 
variety) could not produce such different effects. 
However, upon a more accurate examination, I 
cannot find that any degree of moisture does at 
any time augment the force of powder; for, in all 
the numerous trials I Imvemade, 1 never observed 
that force sensibly to exceed. its mean quantity, 
except in two. experiments;; and e^x'n: those. ex- 
cesses, I had good reason to believe, , xvere occa- 
^iioned by some disorder >ip.. the majbhint. llow*. 
jever, if the elasticity, of watery tv^pour .'1>4 as' great 
as it is usually esteemed, :(a point far from being 

asccrtumeil 
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ascertained^ at present) it is not impossible, but 
something of this kind may take place iuvthe firing 
of large .quantities of powder. 



. ( 



PROP. XI. 



T\)' iky estimate the Velocity which the Flame of 

^ Gunpowder acquires, by cvpandifig itselj\ ^up- 

I'po'sirt^ it beJired'inagiten.PteceojArtil' 

^' lef^\^ without either a Bullet or any other 

' BddTbefote it: ^ . * . - . 

F the whole substance of the powder' was con- 
verted into an elastic fluid at tl>e inst&nt of the 
explosion : then^ frdm the known elasticity of this 
fluid iasdighed by our theoty, and its 3cnown den- 
sity, ^Wie:?t^ld easily determine thp vetooity with 
which it w<»il!d begin to expand, and coulH thence . 
trace toat'iits future augmentations in its progress 
through thebarrel : but as we have shewn that the 
clastic fluid, in which the activity of the gunpow- 
der :consisrt»/5 is only T^^. of the stjbstance of the 
powder,"' tlie remaining -xr wH in the ej^plo&ion be 
mixed :w:hh the dastic f>art, and will by itS' weight 
retard. the: activity of the explosion ; and yet they 
will not' be so co*nplet»ly; t^liited a« to ifiOve with 
laae coimiioii motidn, -btit: thei unelafetiQ part will be . 
less atcelerated than the rdst^ and Gdhie of- it will 
fl6t even be carried out of the banel,* las appears by 
th.t €0il^i{leraixlequai3titybf unctuous 'matter which 
adhfresi to the insicle ^ etil fiTC-arms^ after they 
have been used. '." .1 

• ThesC' inequalities in! the -expansive motion of 
the flame ©blige us tO' recur to experiments for its 
accurate determination. ' ' » ■ "^ . 

The experiments, made use of for this purpose, 
were of two kinds : the first was madeby charging 
the barrel A \vith 12dw. of powder, and a small 
wad of tow only ; and then placing its mouth I9 
inches from the centre of the pendulum, mentioned 
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in the seventh proposition ; on firing it in this situ- 
ation, the- impulse of the flaaie on the pendulum 
made it ascend through ;Anar€4i,-whode:chord svds 
13,7 inches; whence, if the whole substance of the 
powder was supposed! to jJtrike against the pendu- 
lum, and eiLch part to. strike with the same velo- 
city, that common velocity must have been at tlie 
rate of about 2650 feet in T. Tin's, then, is the 
least velocity, whicK thepowder could be supposed 
to acquire in its expansion ; for if we suppose tlie 
elastic part to acquire a greater velocity "in ex:- 
pandiug^ than the other gross. va()pui\ (which k 
undoubtedly does) this conmion velocity here as- 
signed must be augmeiited for tl)e elastio fluid, .aiid 
dimijnislietl for the. grosser sv-bstancfc of the .pow- 
der. As some part pf the velodty of .the daxue ,wa8 
lost in passing through 19 inchest of air, I made 
the ren^aining experiments on this subject in a 
manner not liabje. to that intconvenieaceJ .• 

I fixed the ban-cj: A on the pendulum, so that its 
axis might be both horizontal and also perpendi- 
cular to; the planti UK; or, which. iaitli€ same 
thing,, that it might be in the plane of .the.pendhi-r 
lum's vibration ;: the height of.the; axis, of the piece 
above the centre of the pe^d^ilum Wias six^inchts,- 
and. the weigkt.of the. piece, and of the iron that 
fastened it, §'c. ^vas lilh.4^:. The barrel in this-.8i»i 
tuation iKjing charged ivith 12dw/of powder^ widif 
outielther ball or wad, theipowder oialy:pu*'t©g«l*. 
thcr with tlie ; , ram mer^ q.h the dischiarge the penr 
dulum ascended through an arch,, wheise- chord 
was 10 inchesi • or redu^^ecVto an eq^wMilent blow 
in the cewti^'pf the pendnlium, supposing tJbte bar-^ 
rel away, it would be 14,4 inches nearijt. v 
. The same, experiment repeated again:, • tlie <!li6rd 
of the ascending, arch was 10,1 inches, which re- 
duced to the centre, is 14,6 inches. 
. To dcteriiiine what difference of velocity there 
was iu the different parts of the.vapo.ur, . 1. loaded 

the 
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the piece again with Ifidw. of powder^ and rammed 
it <lo wii with a wad of tow weighing' 1 d w. Now I 
conceived, that this^wad, being ve*y light, would 
presently 'acqaire' that velocity, withAvhieh the elas- 
tic part. of the flaid wotfi(l expand itsdf when un- 
eotnpVdiss^d ; and I» actordingiy found tha;t the 
chord of the ascending arch, was by 'this means 
aogntented-to 12 inches^ or at the centre to 17,3 : 
whence^-as' the ^medium of the other two- experi-^ 
ment^ is 514,5, the pendulum ascended througn an 
arch 2,8 inches longer^ by the additionai motion of 
IdrW. of itifftter moving with the ^velocity of the 
swiftest piart of "ftie vapour ; awd cbnsequently, tlid 
velocity, with, which thisi Idw. of matter nl»v^4, 
Was tJiat <^ about 7000 feet in V/: : : 

ilt'Vrill; ]5i0rhap8, be objected to 'thiS' determina- 
tion, 'tfeA the a^igmentation of the •arch; through 
which *the>^fendulunrvibrateil in thi^"'oase,' was not 
alhof'it owing to the quantity, ofwotibn given to 
thfe iimdj! but part rf it wasprodticed by the cori- 
Snetmntot' the- powder,-^d the gileater quantity 
tiiettby fired.' Bat if it were tme that a; part only 
of the powder fired, when thtrewas no wad^ (t 
vrould'Tiot J<appen,' that in firing dififeisent quanti- 
ties of «fH3|wder without a wad, the chord of th* 
adc^fiiclfeig' inch ^ould increase amt decrease mearly 
iA-the ratio of 'those quantities, Kvliich yet I have 
f^tftld^ if' to^ Ao ; for withpdw. that- chord was 7, 3 
inehe^, whidh with red^i^. we have seen was but 
10, a«d: 10, 1 J and e^ott with. »dw; the chord was 
2 inches ; deficient* 'fr^rtU' this -proportion by ,5 
tiJnly; for whidl deftct tbo, o^:het valid reasons are 
t6be assigned, i:: ■'^^ - ^ - '": '^ 

And there is '^%i\VA ifiote convincing proof, that 
all the powder is- fired,* although no Wad be pUced 
before the charge ; which is, that the part of the 
recoil arising from the expansion of the powder 
alone, is fiiulfid t6 be no greater when it impels a 
leaden ballet, before it, than when the sanle quan- 

• x\V5 
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tity is fired ^vithout any wad to confine it. We 
liave .sceu that- :the chord of the arch, through 
which the.pi^ndulum rose. from the expansive force 
of the powder 'alone, is fO, or 10, 1 ; and the chord 
of tliat arch when the piece was charged in the 
customary manner with a bullet and wad, I found 
to be .the first time 22i, and the second time 22t; 
or at a medium '22,56. Now the impulse of the 
ball and wad, if they were supposed to strike the 
pendulum in the same j>lace in which the barirel 
was suspei\ded, .with the velocity they had acquired 
at: thj5 mouth of .the piece, would drive it through 
Hn arch whose:chord would .be about- .i2,3, as/is 
kuown from the weight : of the. pendulum, the 
weight and position of the iiarrel, .and. tlie rvdocity 
of the bullet, .^determined, by oux formejr.jexperi- 
ments; whence, suljtracting thii number L3i8 rrom 
22,56, th^ remainder' 10,36; /i^. nearly tJae.<{hQlrd|bf 
the^areh, which the i)enduluti>vfc)uld have a^cendtd 
through, frotn the expansion of the potwrfer, alone; 
wiien fired with a bullet before it; and this liumber 
10,26 .diflers very little from .10^1,1 which'we have 
al)ove found to be the chord of .the ascending arch, 
when fhe same quantity of powder expanded itself 
freely, without either bullet, or; wad bisfbieiti- i. 
iAgain^.that this yelQcity of 700^) fefiti«' t' Jis flot 
much beyond. whjit»thei:mpsjt\ active .part of tlje 
flame acquires inc-Tpanding, ijs evinced from hence, 
that we have above, in the 38th experiment, ^n in- 
stance of a ball actu^ly .discharged with a velocity 
of 2400 in 1", audi yet it appeared not that. the 
action. of the. powder on this bullet, was at all di-^ 
minishcd on account of this immease celerity; ; 
consequently, the degree of swiftness^ with; which 
in this instance the powder followed thc/hall^^jfitb- 
out losing any part of its pressure, must have^been 
much short of what the powder alone .woujd IiaMC 
ffxpanded with, had not the ball been there. 

Aiul it is thifi prodigious celerity of expf^nsJOA 

of 
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of the flame of fired powder, that is its "peculiar 
excellence ; and the circumstance in that it so emi- 
nently surpasses all other inventions, either ancient 
or modem, for the purpose of military projections : 
for as to the quantity of motion of these projectiles 
only, many of the warlike machines of the ancients 
produced this in a degree far surpassing that of 
our heaviest cannon-shot or shells ; but the great 
celerity given to these bodies, cannot be in the 
least approached by any other means than by the 
flame of powder. The reason of this difference is, 
that the ancients could by w^eights, or the elasti- 
city of springs and stretched cords, augment their 
powers to any degiee desired ; but then each addi- 
tion of power brought with it a proportional ad- 
dition of matter to be moved ; so that as the power 
increased, these parts of the machine which were 
to communicate motioa to the projectile, and were 
consequently to move with it, were likewise in- 
creased ; and thence it necessarily happened, that 
the action of the power was not solely employed 
in giving motion to the impelled body, but much 
the greatest part of it was spent in accelerating 
those parts of the machine in which the power re- 
sided, to enable them to pursue the body to be 
projected with a perpetual impulse, during its whole 
passage through the extent bf their activity. Hence 
theri.it came to pass, that though these ancient 
machines could throw enormous Veights, tl^ey 
eould project them but with small degrees of cele- 
rity, compared with what we can communicate to 
eur cannon and niusket-shot : whence, in all ope- 
rations, where these great velocities are useful, our 
machines are infinitely superior to those of anti- 
quity : although in more confined and shorter pro- 
jections, these last have some advantages^ which 
may yet render them worthy of the attention of 
those military geniuses^ who have capacity enough 
to consider each part of their profession according 

H t^ 
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to its true and genuine value, independent of the 
partial estimation of the times they live in. 

From the determinations contained in this pro- 
position, the force of petards may be deduced, 
since their action solely depends on the imjmlse 6t' 
the flame : and it appears, that a quantity of pow- 
der, properly disposed in such a machine, may 
produce as violent an effort as a bullet of twice its 
weight, moving with a velocity of 14 or 1500 fefet 
in i\ 

PROP. XII. 

To ascertain ike Manner in which the Flame of 
Potuder impels' a Ball, which is laid at a con- 
sidcmble Distance from the Charge. 

'W E have, in many of the experiments rccit?d 
by us above, laid the ball not immediatdy conti- 
guous to the powder, but a small distance frbm it; 
the greatest interval, however, has not amounted 
to more than about -J- inch, from the hinder part 
of the bullet to the nearest part of the pdWcler ; 
and, in these cases, we have scdn, that the theory 
agreed very well with the experiments: but Jf'a 
bullet ' be placed at a greater distance froth the 
powder, suppose at 12, 18, or 24 inches, we can- 
not then apply to the motion of this bal( the simc 
principles which, in the 7th proposition, we have 
applied to such as are contiguous to the powder, 
or nearly so; for we have seen, in the last proposi- 
tion, that, when the surface of the fired ppwtlef'is 
not confined by a heavy body, which it is obliged 
to irtipel before it, tl>e flame dilates itself with* a 
velocity much beyond what it' can at any time 
communicate to a bullet by its continued ptessure ; 
consequently, as in the distance of 1 2, 1 8, of 44 
inches, the powder will have acquired a consider- 
able" degree of this velocity of expansion, the first 
motion of the ball will not be produced by the . 

I continued 
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continued pressure of the powder, but by the ac- 
tual percussion of the flame ; aud it will therefore 
begin to move with a quantity of motion propor- 
tioned to the quantity of this flame, and the velo- 
cities of its respective parts. 

From hence then it fallows, that the velocity of 
a bullet, laid a considerable distance before the 
charge, ought to be greater, than what would bp 
communicated to ic by the pressure of the pp^v-der 
acting in the manner described in the 7th iproposir 
tion ; and this deduction from our thwjy we have 
confirmed by manifold experience ; by which wf 
have found, that/a ball laid in the barrel A, with 
its hinder part 1 ii inches from its brj^ech, and, im- 
pelled by 1 2d w. of powder, has acquired on itp 
. discharge a velocity of about 1400 feet in l*"; 
when, tf it had been acted, on by the pressure pf 
the flame only, it would not haye acquired a velo- 
city of 1200 feet in 1". The sanie we have foim^ 
to hold true in all other greater distances, (and 
also in lesser, though not to the s^me degree) and 
in all quantities of powder. And we have likewise 
found^ that these, effects nearly corre;sppnd with 
whatiinsas laid down in the last proposition abou4: 
the velocity of expansion, and tbp elastic and uncr 
lastic parts of the flame. 

And^from hence- too arises another cpnsideration 
of great consequence in the practice off Gunnery i; 
which is, that no bullet shpuld at any time bp 
.placed at any considerable distance befoi-e . the 
charge, unless the piece be extremely -fortified; for 
a moderate charge of powder, when it hgjs e;^;- 
panded itself through the. vacgmt space, and 
reaches the ball, will, by the Velocity each part ha3 
[ acquired, accumulate itself behind the -ball, and 
will' thereby be condensed prodigiou3ly ; ^whence, if 
the barrel be not of an extraordinary firmness in 
that part,, .it must by this reinforced elasticity of 
•the powder, infallably burst. The truth .pf this 
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reasoning I have experienced in an exceeding good 
7ow€t-m[xsc\uet, forged of very tough iron ; for 
charging it with 12dw. of powder^ and placing the 
ball 16 inches from the breech, on the firing it, the 
part of the barrel just behind the bullet was swelled 
out to double its diameter, like a blown bladder, 
and two large pieces, of two inches long, were 
burst out of it. 

Having seen that the entire motion of a bullet, 
laid at a considerable distance from the charge, is 
acquired by two different methods, in which the 
powder acts on it ; the first being the percussion 
of the parts of the flame, with the velocity they 
had respectively acquired by expanding ; the se- 
cond, the continued pressure of the flame through 
the remaining part of the barrel; I endeavoured to 
separate these different actions, and to retain that 
only, which arose from the continued pressure of 
the flame. For this purpose, I no longer placed 
the powder at the breech, from whence it Would 
have full scope for its expansion, biit I scattered it 
as uniformly as I could^ through the whole cavity 
left behind the bullet; imagining that, by this 
rnean^, the progressive velocity of the flamcin each 
part would be prevented by the expansion of the 
neighbouring parts : and I found, that the ball be- 
ing laid 1 1^ inches fi-om the breech, its velocity, 
instead of 1400 ftet in 1", which it acquired in the 
last experiments, was now no more than i 100 feet 
in I" ; which is 100 feet short of v/hat, according 
to the theory, should arise from the can tinned 
pressure of the powder only. 

The reason of this deficiency was, doubtless, tlie 
intestine motion of the flame ; for the accension of 
the powder, thus distributed through so much a 
larger space than what it could fill, must have 
produced many reverberations and pulsations of 
the flame ; and from these internal agitations of 
the fluid, its pressure on the containing surface 

will 
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will (as is the case in all other fluids) be consider- , 
ably diminished ; and it has been in ord^r to avoid 
this irregularity, that in all the experiments I have 
made, 1 have taken particular care to have the 
powder closely confined ih as small a space as pos- 
sible, even when the bullet lay at some little dis- 
tance from it. 

PROP, XIII, 

To enumerate the various Kinds^ of Powder, and 
to describe the properest Methods of examin- 
ing its Goodness. 

X HE pbwder, we have hitherto considered, is 
supposed to be such as is made for the service of 
the government ; but, besides this, there are many 
other kinds, some better and some worse, which . I 
here propose to enumerate, as far as they haye 
come to my knowledge. 

But, first, I must premise, that the government 
powder, if properly wrought, . is, I believe, nearly 
as good as any powder made for general use. I 
have examined it with great care, and have com- 
pared it with other powders made here in England^ 
which are esteemed the best, guch as the Battle^ 
S^c. and I cannot find any sensible difference bcr 
tween them. I have likewise compared it, ii> frp- 
quent trials, with some Spanish m^d^w taJcen out 
of the St. Jago prize ; and though, if I were to give 
my opinion, I should rather believe the Spanish 
powder the better of the two, yet so small an ine- 
quality as a fiftieth or sixtieth part, which is the 
most, that the difference between them can 
amount to, is too little to be ascertained with ab- 
solute certainty. I conceive too, by comparing 
the experiments of others with my own, that the 
French powder is little different from ours^ al- 
though I cannot be so certain on this head as J 
couU wisji, having never been able to procure any 
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of their powder myself. But it must be remdrii- . 
bered, that when I speak of our government pow- 
• der, it must be ^hat is supposed to be made of the 
standard proportion of materials, and properly 
wrought; for such was the powder I made use 6t. 

The strongest powder, I have yet met with, is 
some which I am told was made in Holland ; its 
force, compared with that of Qur government pow- 
der, is nearly as 5 to 4. But this powder is un- 
doubtedly made of the choicest picked materials, 
and is probably wrought up with spirits ; so that 
quantities of it could not be made, but at a much , 
grea^^er expfence, than what would be repaid by its 
additional stretlgth. 

The nex,t best powder, that has come to' my 
hands, is a powder made in Portugal^ under the 
direction oi 7i Dutchman, who some years since 
established powder-mills near Lisbon. This is in 
strength inferior to the Dutch powder last men- ' 
tioned ; but is however nearer to that than to our 
government powder. 

The common sale powder here in England^ such 
as is to be had at dvery grocer's, is much worse 
than the government or the hatth powder, and 
extremely various, according to the caprice of the - 
maker. 1 have tried some, wnose strength has been 
in proportion to the government i5owder, as 2 to 
3 nearly, and other parcels have been still worae ; 
but the worst of all is the powder made for the 
African trade, usually stylecl Guinea powder : but 
these weaker powders are not worth examination, •. 
as there is no established standard for their com* 
position. 

Now these differences in the strength of powder 
may arise from three causes ; either from the qua- 
lity of the materials, from- the proportion observed 
in their mixture, or from the manner of working 
them together. * ' 

Powder, as is generally known, is composed of 

saltpetre^ 
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saltpetre, sulphur, and charcoal ; of these materials 
the sulphur and charcoal are much the clieapest ; 
and though there arc peculiar kinds of these, which 
are fittest for this purpose, yet the expence of hav- 
ing the very best is so small, when compared to 
the whole cost of the powder, that it is stiange if 
powder, which would be otherwise good, is spoiled 
by bad sulphur or charcoal. 

The most expensive part of the composition,-and 
consequently the part to which the defects of 
powder are oftner owing, is the saltpetre. This i$ 
a substance imbibed by the earth from the air; for. 
a quantity of earth, which has had its saltpetre 
washed out of it, will, when it has been exposed 
to the air for some time, produce saltpetre again ; 
^nd this as often as the experiment shall be re- 
peated. 

Saltpetre is of itself an uninflammable substance; 
for if it be placed in the most violent fire,, it only 
' rnelts, and nev^r flames, provided no combustible 
matter is peniiitted to mix with it : but though of 
itself, unmi^ved with other bodies, it will neither 
flame nor burn ; yet, if it be joined with burning 
substances, it prodigiously augments the violence 
of their burning ; performing, in this case, what 
the air, forcibly mixed with fire by the -blast of a 
pair of bellows, does in a much inferior degree. 

Powder then being a mixture of sulphur and 
.charcoal, which are very inflammable substances, 
with saltpetre, which in itself is not, if the salt- 
petre be too much in quantity, when compared 
with the other two, their burning may not be suf- 
'ficient to consume the whole of the saltpetre; 
whence the fire may be less violent, and conse- 
quently (according to what we haveobserved in 
the 10th proposition) the powder less vigorous^ 
than if soriie of the saltpetre was taken away, and 
a like quantity of the otlier materials were added 
in its stead. On the other hand, if the saltpetre 
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in the composition be less than what the burning 
of the other two substances can easily consume, 
the fire will be less active than it ought to be ; be- 
cause it is not augmented so much as it would be, 
if a larger quantity of saltpetre liad been added to 
the composition. 

Hence then it appears, that the goodness of 
powder is not to be estimated only from the quan- 
tity of saltpetre contained in it, although that sub- 
stance seems to be the basis of the elastic fluid, 
in which its force consists ; for since the convert- 
ing of the saltpetre into that fluid, and the elasti- 
city of the fluid afterwards, depend in some mea- 
sure on the violence of the fire produced at the 6X7 
plosion, it is plain that there is a certain propof- 
tion in the mixture of the materials, which will best 
contribute to this purpose, and consequently to 
the perfection of the powder. , 

What this propottion is, has been ascertained by 
experience ; and it seems now to be generallv 
agreed, that in any quantity of powder -J- of it 
should be saltpietre/the remaining i- consisting of 
equal quantities of sulphur and charcoal. ' This is 
the proportion followed by. the Frenchy and I be» 
lieve by most nations in Europe ; we indeed pre- 
tend to a greater degree of nicety in our propor- 
tions; though I am told they do not greatly diflFer 
from what I have mentioned ; nor am I convinced 
that they are preferable : this I am sure of, that no 
methods of proving powder, hitherto generally 
practised in England^ could at all ascertuin the 
difference ; and other powders, made with the 
usual proportions, are no wh'it inferior to ours. 

But it is not the due proportion of the materials • 
only, which is necessary to the making of good 
powder ; another circumstance, not less essential, 
Is the mixing them well together ; if this be not ef- 
fectually done, some parts of the composition will 
have too much saltpetre in them, and others too 

little ; 
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little; and in either case there will be a loss of 
strength in the powder. 

As the excellency of powder then depends on so 
many particulars, in tlie quality and quantity of 
the materials, and in the working them together ; 
it is doubtless of great importavce, that those Avho 

. receive the public stores shbuld have it in their 
power to satisfy themselves about the goodness of 
what is delivered to then^. The method most 

. commonly followed for this purpose, here with 
us, is (if I am rightly informed) to fire a small heap 
of it on a clean board, and to attend nicely to the 
flame and smoke it produces, as likewise to the 
marks it leaves behind it on the table ; from all 
whjich instructive particulars the merit of the pow- 
der is, ascertained with great accuracy, as is pre- 
tended : but besides this uncertain method, which 
I presume (how much soever it. may be practised) 
none will seriously undertake to defend, there are, 
on particular occasions, other contrivances macle 
use of; all which bear some analogy to the com- 

' mon powder-triers, sold at the shops ; only they 
are more artfully fabricated, and instead of a spring 
they move a weight, which is a more certain and 
equable power. 

'But these machines, though more perfect than 
the common powfler- triers, are yet liable to great 
irregularities ; for as they are all moved by the in- 
stantaneous stroke of the flame, and not by its 
continued pressure, they do not determine the 
force of the fired powder with that certainty and 
uniformity, which were to be desired in these kinds 
of trials: and therefore I cannot but think the 
method followed by the French^ in the receiving 
of powders from the makei*s, to be much better. 
Their practice is thus. 

They have, in each magazine, a small mortar 
tast, with its bed, according to a determined pat- 
tern, which is the same throughout the kingdom : 
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this moitar is always pointed at 45% and it con- 
tains just three ounces of powder ; and it is a 
stand iiig maxim, that no powder can be received 
into their stores, unless three ounces of it, placed 
in tlie chamber of this mortai-, throws a solid ball, 
of 71 inches diameter, to the distance of at least 
55 French fathom. 

It has been objected to this method, tliatif ea.ch 
barrel of powder was to be proved in tliis manner, 
the trouble of charging the mortar, and bringinj 
back the ball each time, would l^e intolerable, am 
the delay so great, that no business of this kind 
could ever be finished ; and if a number of barrels 
are received- on the merit of a few, it is great odds 
but some bad ones will be amongst them, which 
may prove a great disappointment in time of ser- 
vice. Add to this another exception, which to 
me has much more weight; and that is, the mon- 
strous disproj>ortion between the weight of the ball 
and tlic powder that projects it ; so that the pow- 
der eontijuies in action a longer time, and exj^ands 
through a much larger space, in proportion to its 
quantities in these trials, than it ever does in any 
real service; whence it happens, tliat the vapour 
cools, and great i)art of it escapes through the 
touch-hole, or by the side of the bullet ; so that 
the quantity of motion produced by the explosion 
is, in this instance, but little more than half of 
what it ought to be, if the powder acted on the 
bull with its full force undiminished bv these aeci^ 
dents; consequently, as this diminution of force 
may not be always constjuit, tlie action of the 
same powder, by the varying of these adventitious 
circumstances, may, at different times, convey 
the ball to different distances. 

Now this last excei)tion docs no ways hold 
against the method by which I have tried the com- 
parative strength of different kinds of powder, 
which has been by the actual velocity given to a 

bullet, 
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bullet, by such a quantity of powder as is usually 
esteemed a propcfr charge for the piece : and as this 
velocity, however grentj is easily discovered by 
the motion, which the pendulum acquire? from the 
stroke of the bullet, (according to the principles 
laid down above) it might seem a good amend- 
ment to the method used by the French^ to in- 
troduce this trial by the pendulum instead of it. 
But though I am satisfied, / that this would be 
much more accurate, less laborious, and readier 
than the other, yet, as there is some little atten- 
tion and caution required in this practice, which 
might render it of\ less dispatch ,than might be 
convenient, when a great number of barrels were 
to be separately tried, I should myself chuse, to 
practise another method not less certain, but pro- 
digiously more expeditious ; so that I could en- 
gage, that the weighing out of a small parcel of 
powder from each barrel should be the greatest 
part of tlie labour; and, doubtless, three or four 
hands could, by this means, examine 500 barrels 
in a morning ; besides, the machines for this'pur- 
pose, as they might be made of cast iron, would 
be so* very cheap, that they' might be multiplied 
at pleasure. However, I shall defer the descrip- 
tion of this method at present, and shall proceed 
to the consideration of the resistance of the air, a 
Subject of the greatest importancQ to the perfection 
of gunnery.* 

CHAR 

* Other eprouvettes have been since devised, tvhich will Bie 
noticed hereafter. H. 
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CHAR IL 

Of the Besistance of the Air, and of the 
Track described by the Flight of Shot and 
Shells. 

xSefore I more minutely discuss the subject pf 
tliis chapter, it is necessary to premise, that the 
greatest part of authors have established it as a 
certain rule, that whilst the same body moves in 
the samfe medium, it is always resisted in the du- 
plicate proportion of its velocity ; that is, if the re* 
sisted body move in one part.ot its track with three 
times the velocity, with which it moved in some 
other part, then its resistance to the greater velo- 
city will be nine times the resistance to the lesser. 
If the velocity in one place be' four times the velQ** 
city in another, the resistance to the greater velo- 
city will be sixteen times the resistance to the les- 
ser, and so on. This. rule, tbougji excessively er- 
roneous, (as we shall hereafter shew) when taken 
in a general senise, is yet muloubtedly very near 
the truth, M'hen confined within certain limits; 
and therefore, in our future dispositions, we sliall 
suppose, that in all small changes of velocity in 
the resisting body, it docs accurately hold true; so 
that when we spc^ak hereafter of the resistance of 
the medium being increased or diminished by tlie 
varying of the velocity, we shall not hereby in- 
clude that increase or diminution, which ought to 
take place according to this law, but shall thereby 
iiivtend a resistance, greater or less than what the 
moving body ought to undergo from the applica^^ 
tion of this principle; that is, we siiali thereby un- 
derstand an increase or diminution ip the resisting 
power^of the medium, similar to what might be 

occ9.siohed 
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occasionecl by increasing or diminishing its den- 
sity : the principal purport of our present attempt 
being to evince, th^t according to the different 
compression of the medium, or the different degree 
of velocity in the moving body, suoh changes may 
arise in the resisting po\yer of the medium, as could 
scarcely be effected, according to the principles 
commonly received on this subject, by a treble 
augmentation of its density. This we doubt not 
irrefragably to confirm in the following disserta- 
tion. 

PROP. L 

To describe the general principles of the Resist- 
ance of Fluids to solid Bodies moving iu them. 

XN order to conceive the resistance of fluids to c^ 
body moving in tliem, Jt i& necessary to distin- 
guish between those fluids, which being compress- 
ed by some incumbent weight, perpetually close 
up the space deserted by the body in motion, with- 
out permitting for an instant any vacuity to remain 
behind it; and those fluids in which (they being 
not sufficiently compressed) the space left behind 
the moving body remains for some time empty. 
These dtfterences, in the resisting fluids^ will occa- 
sion very remarkable vaiieties in the laws of their 
resistance, and are absolutely necessary to be con- 
sidered in the determination of the action of the 
air on shot or shells; for the air partakes of both 
these affections^ accoading to the diflferent veloci- 
ties of the projected body. 

If a fluid was so constituted, that all the parti- 
cles composing it were at some distance from each 
other, and there was no action between them; then 
the resistance of a body moving therein w;ouId be 
easily computed, from the quantity of motion com- 
municated to these particles: for instance, ifacy- 



126 NEW PRINCIPLES 

linder moved in such a (luid in the direction of its 
axis, it would communicate to the particles it met 
with a velocity equal to its own, and in its own 
direction, supposing that neither the cylimlcr, nor 
the parts of the fluid, were elastic ; whence, if the 
velocity and diameter of the cylinder be known, 
and also the density of the fluid, tliere would 
thence be determined the quantity of motion com- 
municated to the fluid, which (action and re-actio^ 
being equal) is^the same with the quantity lokt by 
the cylinder, consequently the resistance would be 
hereby aspertained. 

In this kind of discontinued fluid, the particles 
being detached from each other, every one.of them 
can pursue its mvn motion in any direction, at least 
for some time, independent of the neighbouring 
ones ; wherefore, if, instead of a cylinder moving 
in the direction of its axis, a body, with a surface 
oblique to its direction, be supposed to move in 
such a fluid, the motion the jmrts of the fluid will 
iiereby acquire, will- not be in the direction of the 
resisted body, but perpendicular to its oblique 
surface ; whence the resistance to such a body will 
not be estimated from the whole motion communi- 
cated to the particles of the fluid, but from that 
I>art of it only, which is in the direction of the re- 
sisted body, in fluids then, where the parts ai-e 
thus discontinued from each other, the different 
obliquities of that surface, which goes foremost, 
will occasion considerable changes in the resist- 
ance, although the section of the solid by a plain 
perpendicular to its direction should in all cases be 
the same. And Sir Isaac Nezvtoti has particularly 
determined, that in a fluid thus constituted, the 
resistance of a globe is but half the resistance of 
a Cylinder of thesajtle diameter, moving in the di- 
rection of its a^kis with the same velocity. 

Butthough the hypothesis of a fluid, thus consti-. 
luted, be of great vise in explaiwifng the nature of 

resistances; 
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resistances; yet, in reality, tia such fluid does exist 
within otir knowledge: ail the fluids^, with-A^^hich 
we are conversant, ^re so formed, that their parti- 
cles either lie contiguous to each other, or at iea$t 
act on each othei* in the-safne manner as if they 
did; consequently, in* these fluids, no one particle, 
contiguous to the resisted body, can be moved, 
witho\it movjing at the same time a great number 
of 'others, some of which will be distant from it; 
and the motion thus communicated to a mas^ -if 

• the fluid, will not be in any one determined direc- 
tion, but will in each particle be different; accord- 
ing to the different manner in which it lies in con- 
tact with those from whence it receives its inipTuls^ ;• 
whence, great numbers- of the partix^les »bein^ di- 
verted into oblique diW^tions, the resistance of 
the moving body, \dhich\(^ll depend on thetjjuan- 
tity of motion comttttifrrcate'd' to the fluid in-its 

• owndirecticJn, ^villbe' Wcrcby different in quamity, 
\frdm ^vhat it wotdd be'in the preceding supposi- 
'tio^, audits estitiiition 'becomes much more com- 
' plicated 'a'lld operose. 

if T?he' 'fluid be comjjrcvssed by the incumbettt 
Weight 'of its upper* parts (as all fluids are wrth us, 
' except at' thcrr very surface) and if the velocity of 
the moving body 'be much less than that with 
which tiie parts of .the fluid would rush into aroid 
jspace, in consequence of their compreisidn, ^rt is 
evident, that in this case the spa6e left by the 
moving body AVill be instantaneously filled up by 
the fluid, and the parts of the fluid, agdnst whitrli 
the foremog^t 'ptlrt of the body presses in its mo- 
tion, will, instead of bdtig impelled forwards in 
the direction of the body, circulate in. some itiea- 
su re towards the hinder part of the body, thtreby 
■ to restore the equilibrium, which the constant in- 
'flti^w of the fluid behind the body \\rould othehvise. 
destroy; whence the progressive motion of the 
'fluid, and consequentl5' the resistance of the body, 
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which depends thereon, would he in this instance 
much less than in our first hypothesis, where each 
particle was supposed to acquire, from the stroke 
of the existing body, a velocity equal to that with 
which the body moved, and in the same direction% 
Sir Isaac Newton has determined, that the resist* 
ance to a cylinder moving in the direction of its 
axis^ in such a compressed fluid,* as we have here 
treated of, is but one fourth part of the resistance, 
which the same cylinder would imdergo, if it 
moved with the same velocity in a fluid constituted 
in the manner we have described in our first hypo- 
thesis, each fluid being supposed to be of the same 
density. 

But again, it is not only in the quantity of their 
resistance that these fluids differ, but likewise in 
the different manner in which they act on solids of 
different forms moving in them. 

We have shewn, that in the discontinued fluid, 
which we first described, the obliquity of the foreJ 
most surface of the moving body would diminish 
the resistance; but in compressed fluids tl^is holds 
not true, at least not in any considerable degree ; 
for the principal resistance in compressed fluids 
arises from the greater or lesser facility, with which 
the fluid, impelled by the fore part of the body, 
can circulate towards its hindemiost part; and this 
being little, if at all, affected by the form of the 
movmg body, whether it be cylindrical, conical, 
or spherical, it follows, that while the f ransversei 
section of the body, and consequently the quan- 
tity of impelled fluid be the same, the change of 
its figure will scarcely affect the quantity of its re- 
sistance. 

And this case, that is, the resistance of a com- 
pressed fluid to a solid, moving in it with a velo- 
city much less than what the parts of the fluid 
would acquire from their compression : this case, 
I say, has been very fully considered by Sir I^fauc 

Newton^ 
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N^etotoiij whcrhas ascertained the quantity of 3uch 
a resistance according to the diHerent magnitudes 
of the moving body, and the density of the fluid. 
But he very expressly informs us, that the rules he 
has laid down are not generally true, but upon a 
supposition that the compression of the fluid be 
increased in the greater velocities of the moving 
body : however, some unskilful writers who have 
followed him^ overlooking this caution, have ap«- 
plied his determinations, to bodies^ moving with 
all kinds of velocitiea, without attending to the 
different compressions of the fluids they were re*- 
^isted by ; ana by this means they have accounted 
the resistance of the air to musket and cannDn<-shot 
to be bjit one third part, of what I have found it 
by experience. 

Indeed, from all we have said, it appears plain 
enough, that the resisting power of tne mediuni 
must be increased, when the resisting body moves 
so fast, that the fluid cannot instantaneously press 
in behind it, and fill the deserted space; for when 
this happens, the bo,dy will be deprived of the 
pressure of the fluid behind it, whteh in some 
measure ballances its*resi^tance, and must support 
on its fore part the whole weight of a column of 
the fluid, independent of the motion it gives to 
the parts of the fluid; and besides, the motion in 
the particles driven before the body is, in this cas^ 
less affected by the compression of the fluid, and 
« consequently they are less deflected from the din 
rection, in which they are impelled by the resisted 
surface; Whence this species of resistance ap- 
proaches more and more to that described in our 
first hypothesis, where each particle of the fluid 
being unconnected with the neighbouring ones,, 
pursued its own motion, in its own direction, with*^ 
out being interrupted or deflected by^the^r conti* 
guity; and therefore, as we befiDre observed, that 
the ^resistance of a discontinued fluid to a cylin-r 
r- . I der^ 



130 NEW PRINCIPLES 

der, moving in the direction of its aifis, was fou" 
times greater than the resistance of a fluid suftici 
cntly compressed of the same density, it follows, 
that the resistance of a fluid, when a vacuity is 
left behind the moving body, may be near four 
times greater than th^t of the same fluid, when 
no such vacuity is formed ; for when a void space 
is thus left, wc have shewn the resistance to ap- 
proach in its n&ture to that of a discontinued fluid. 
This then may probably be the case in a cy- 
linder moving in the same compressed fluid, ac- 
cording to the different degrees of its velocity ; so 
that if it set out with a great velocitv,' and moves 
in the fluid till that velocity be much diminished, 
the resisting power of the medium may be near 
four times greater in the beginning of its motion 
than in the end. In a globe the difference will not 
be so greats because on account of its oblique sur- 
face, its resistance in a discontinued medium is but 
about twice as much as in one properly compressed; 
for its oblique surface diminishes its resistance in 
one case and not in the other : .however, as the 
compression of the medium, even when a vacuity 
is left behind the moving body, may yet confine 
the oblique motion of the parts of the fluid, which 
are driven before the body, and as in an elastic 
fluid (as is our air) there will be some degree of 
condensation in those parts, it is highly probable, 
that the resistance of a globe, moving in a com- 

Kressed fluid with a very great velocity, will be 
etween that of a globe and of a cylinder, in a dis*- 
continued medium ; that is, (in proportion to its 
velocity) we may suppose it to be more than twice, 
and less than four times the resistance of the same 
globe, moving slowly through the same medium; 
whence, perhaps, we shall not much err in sup- 
posiug the ^lobe in its swiftest motions to be re- 
sisted near three times more, in proportion to its 
velocity, than when it is slowest. 

An4 
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^ And as this increase of the resisting power of 
, the medium will take place, when the velocity of 
the moving body is so great, that a perfect vacuity 
is left behind it, so some degree pf/augmentation 
, will be sensible in velocities much short of this; 
for even when, by the compression of the fluid, the 
space left behind the body is instantaneously filled 
up, yet if the velocity, with which the^parts of the 
fluid rush in behind^ is not much greater than that, 
with which the body moves, the same reasons we 
have urged above, in the case of an absolute va- 
cuity, will hold in a less degree in this instance; 
and therefore we are not to suppose, that the in- 
creased resistance, which we have hitherto treated 
of, immediately vanishes, when the compression of 
the fluid is just sufficient to prevent a vacuum be- 
hind the resisted body ; but we must consider it as 
diminishing only, according as the velocity, with 
which the parts of the fluid follow the body, ex- 
ceeds that, with which the body moves. 

Heiice then we conclude, that if a globe sets 
out in a resisting medium, with a velocity much 
exceeding that with which the particles of the me- 
dium would rush into a void space, in consequence 
of their compiession, so that a vacuum is necessar 
rily left behind the globe in its motion, the re- 
sistance of this medium to the globe will be near 
three times greater, in proportion to its velocity, 
than what \ye are sure, from Sir Isaac Newton, 
would take place in a slower motion. . We*may 
farther conclude, that the resisting power of the 
medium will gradually diminish, as the velocity 
of the globe decreases, till at last;; when it moves 
with velocities, which bear but;.a small proportion 
to that, with which the particles of the medium 
follow it, the resistance become$ the same with 
what is assigned hfy 8ir Isaac Newton in the case 
of a" compressed fluid. . . ^ - 
And from this deterpfiinatiop we 'ihay learn, hovy 
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false that position is, which asserts the resistance 
of any medium to be in the duplicate proportidn 
of the velocity of the resisted body; for it plainly 
appears, by what we have said, that this can only; 
be considered as nearly true in some variations of 
velocity; and can never be applied it the compa* 
ring together the resistances to all velocities what- 
ever without the most enormous errors. 

These principles being laid down, we shall next 
proceed to an experimental examination of the re- 
sistance of the air in particular, both in order thence 
to evince how nearly these speculations a^ree to 
the real obis^rved action of fluids, and likewise to 
shew, how egregiously all those theorists have^been 
mistaken, who have conceived, that the resistance 
of the air to shelly and shot of all kinds was scarcely 
worthy of attention. 

PROP. 11. 

To determine the resistance of fife air to pro^ 

jec tiles by e.vperiments. 

JLJ V means of the machine described in the 8th 
proposition, I have it in my power to determine 
the velocit}', with which a ball moves in any part 
of its track, provided I can direct the piece so as 
to cause the bullet to impinge on the pendulum 
placec^ in that part; and tnerefore charging a mqs- 
ket-barrel three times successively with a leaden 
ball of i of an inch diameter, and about half its 
weight of powder, and taking such precaution in 
the weighing of the powder, and placing it, that 
I was assured, by many previous trials, that the 
velocity of the ball could not differ by 20 feet in 
1* from its medium quantity, I fired it against the 
pendulum placed at S5 feet, at 75 feet, and at 125 
feet distance from the mouth of the piece respec- 
tively ; and I found that it impinged against the 
pendulum la the first case \vith a velocity of 1^70 

feet 
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feet in T, in the second case with a velocity of 
1^50 feet in IV sind in the third case with a ve*^ 
locity of 1425 feet in }"; so that in paasiqg.th rough 
50 raet of air, the bullet lost a velocity of a1x)ut 
ISO or ]S5 feet in T; • and the time of its passing 
through that space' being about ^'or^ of 1^ the 
roediuni <piantity.of resi3tance ' niust, in these in*- 
stances, have been about 140, times the weight of 
the bait, which (as the bail was nearly -iV of a 
pound) amounts to about lOib. aroirdupdis. 

Now if a computation be made according to the 
method laid down for compressed fluids in the 38th 
proposition, lib. 2, of Sir Isaac Neia;ton^s Prin^ 
cipLij apposing the weight of water** to be to thd 
Iffreight of air, as 850 to 1, it will beibund, tfaalb 
the resistance to a ^lobe of | of an. inch diameter^ 
moving with a velocity of about li600 &et m 
1", will not, on those' principles,' amount to any 
more than a foroe of. 441b. avoirdupois ; wheiiee^: 
as we know, that the rules contained in that pro^^ 
position are very accurate in slow motions, we may 
nence conclude, that the resisting power of the aii' 
in slow motions is less than in swift motions in the 
ratio of 4^ to 10, a proportion between that of i 
to 2 and 1 to 3. i' 

Again, I charged the same piece, a number of 
times, with equal quantities of powder, and balls 
of the same weight, taking all possible care fo 
give to every shot, an e<|usd velocity ; and firing 
thiee timqs^^ against the pendulum, placed S5 feet 
only, dist^t from the iiiouth of the piece, the 
medi^ih of the velocities with which the ball im*- 
pinged, was. nearly that of 16190 feet in T: then 
nemoving the piece- 175 feet from the pendulum, 
I found, taking the medium of five shots, that the 
velocity with which tiie ball impinged, at this dis- 
tance -^as that of 1300 feet in V; whence the 
liall, in passing through 150 feet of air, lost a 
iQ^ocity of about 390 feet in T; aivd t\\e i^svaXr ^ 



154 NRW PRINCIPLES 

&nce computed from -these numbers comes out 
something more than in the preceding instance, it 
amounting here to between 11 and IS pounds; 
avoirdupois ; whence, according to these experi- 
ments, the resisting power of the air to swift mo- 
tions is greater than m slow ones in a ratio, which 
approaches nearer to the ratio. of 3 to 1, than in 
toe preceding experiments, - 

Having thus ascertained the resistance to a ve- 
locity of nearly 1700 feet in 1", which must be al- 
lowed to he more than sufficient for leaving a 
vacuum behind the hall, I next examined the re- 
sistance to smaller velocities'; and for this purpose 
I chargdd the tome barrel with balls of tne same 
diameter, hut With- less powder; and placing the 
pendulum at 25 feet distance from tne piece, I 
fii^d .against, it. five times with' an equal charge 
each .thne ; the medium velocity, with which the 
balHmpinged, .was that of 1180 feet in T; then 
rempving the pendulum to the distance, of. 250 
feet; the medium velocity of five shots made at 
tiiis':distancc wjis that of 950 feet in l"; whence 
the ball, in passing dirough S35 feet of air, lost 
a velocity of . 236 feet in i"; and as it passed 
through that interval in about tV of l^ the resistr 
ance to the middle velocity will come out to be 
near 334: times the gravity of the ball, or 2lb. 
lOoz. avoirdupoii.. Now the resistance to the 
same velocity, according to the laws - observed in 
slower motions, . amounts to -rV ^f th^ same quan- 
tity ;, whence, in a velocity, of J 065 feet in T, 
the resisting power of the air is augmented in no 
greater a proportion than that of 7 to 1 1 ; \i^hereas 
we have seen, in the former experiments, that to 
still greater degrees of velocity, the augmentation, 
approached very near to the ratio of 1 to 3. 

But farther I fired three shot, of the same size 
and weight with those already mentioned, over a 
large piece of water ; so that their dropping injto* 

the 
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the water being very discernible, both the distance 
and time of their flight might be accurately as-* 
certained ; each shot was discharged with a velo* 
city of 400 feet in I''; and I had satisfied myself, 
by many previous trials of the same charge with 
the pendulum, that I could rely on this velocity 
to 10 feet in \% The first shot flew 31S yards 
in 4"^, the second flew Sl9 yards in 4", and the 
tjxird 373 yards in 5"-^. According to the theory 
of resistance established for slow motions, the first 
»bot ought to have spent no more than 3^,2,* in its 
flight, the second 3^28, and the third 4^ whence 
it IS evident, i that every ishot was retarded consi- 
-derably more than it ought to have been, had that 
theory taken place in its motion: consequently^ 
the resisting power of the air is very sensibly in-, 
creased, even in so small a velocity .as that of 4QQ 
feet in r. 

From all that we have related then, it ^ppesu^s^, 
that the theory of the resistance of the. air, ; ^?t4c: 
btished in slow motions by Sir Jkaac Newton, an4 
confirmed by many experiments, is altogether er-» 
roneous, when applied to the swifter m,otions of 
musket or cannon-shot; for that, in these cases, 
the resisting power of the medium is augmented 
to near three f times the quantity assigned by that 

1 4 theory; 

* Tbe force being inversely as the square of the time, and 
3.^^ : 4.U^ : : 10 : 17.6 ; therefore the increase is here from 
10 to 17)6, or from 1 to 1,76 .or 1| nearly: that is, to the 
Telocity of SIS yards or 939 feet per second, the actual resist- 
ance was about 1| of that computed by the square of the vdo- 
city. And this nearly agrees with what I have found by experi- 
ment with cannon balls ; as may be perceived ^n page 365, vd.ii. 
of my Philosophical Dictionary. H. 

t The increase to three times the quantity is certainly too 
great, both according to Mr. Robins's foregoing experiments, and 
to my own, made with cannon-balls. Indeed, Mr. Robins's are 
not exactly conformable to each other, made at different times,' 
widi velocities either equal or unequal, and thus manifesting some 
degree of inacctmicy in the experiments, as anight be «&^^\^ 

1 4 A\««^ 
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theory; that, however^ this increased power of 
resistance dcmiinshes as the velocity of the resisted 
body diminishes, till at length, when the motiou 
is sufficiently abated, the actual resistance coincides 
with that supposed in the theory ; that therefore 
the resistance is not in the duplicate proportion of 
the velocity of the moving- body, as is usually as- 
serted, but varies fVom that proportion according 
t6 the diflferent compression of tne fluid compared 
with the velocity ; consequently, from the consi- 
deration of these particulars, w^ may venture ta 
assertj that whilst tlie resistance of the air was 
thus imperfectly and fatiltily conceived, the track 
6f ti^usket and cannon shot through that medium 
cbuld hot be ascertained with the least degree of 
certainty; add therefore the art of gunnery could 
Hot but contiftue extremely imperfect: however, it 
is not sufficient to have shewn the resistance to be 
augmented in great velocities, beyond what has 
been usuetllY supposed ; but, that we may l)e enabled 
tM>tt definitely to 'cottipute the motion of projec- 
tiles, it h neicessary that we should assi^ me rate 
of this augrilentatioti according to the different ve- 
locities of the t-esisted body. This shall be the sub- 
ject of our next J)roj>osition.' 

PROP. III. 

To assign the different arcgmentatiofis of tht re- 
sisting power vf themi* avdordijig tb the differ- 
ent vclocitks of the reHited body: \ 

jnLs no large sliot are ever .projected in praclicfe 
Hirilli velocities exceeding that of 17OO feet in 1',' 

I have 

from hifc itiatitier of )tialchig theim Wkh only tnii>ket bidlft, «M 
with m'achlher)r less perfect than mirre, ttiftcle "irith camiMi telll. 
Hbtf 6vbr, the §^eatcst increase that Mr. Kobivis found, Sn pl^pft 
i&&, fa im\f A\ to 10, or 1 to ^, consfdefmbly &hott cff 1 t6 
"i ; ivh0reto the gMsat^ increase in toy 6KpteMn«Bfts, Is wOer 
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I have not; as yet made any, experiments on the^ 
resistance of bodies which have moved with a 
swifter motion than thi% esteeming the determi- 
nation of the variation of the resistance to all les-*: 
ser velocities^ to be safficient for the purposes of 
this treatise* 

Accoi*ding to the trials I have made, the resist- 
ing power of the air to velocities less than that of 
1700 feet in 1", naay be thus nearly exhibited: 






A 



Let AB be taken to AC in the ratio of tlje velocity 
of 1700 feet in T, to the given \^locity to which 
the resisting power of the air is required ; conti- 
nue the line AB to 0, so that BD may be to AD, 
as the resisting power of the air to slow motions 
is to Its resisting power to a velocity of 17O6 
feet in l\ then, shall CD be to AD, as the re- 
sisting; power of the air to slow motions, is to its 
resistii^ power to the given velocity represented 
by AC* 

Todettrmim the veiMtties with which musket and 
canMn^shot are discharged from their-respect-^ 
i've pieces hy their ustkil altotment of powder. 

Jc Kou the camputati<»s of the 7th proposition of 
the 1st chapiter, confirmed byt the succeeding; ex-^ 
perijiMnts, it plainly appears, that a leaden ball of 
T i>f an inch in diameter,, and weighing nearly 
ixoz. "avoirdupois, if it be fired from a barrel of 
45 inches in lengths M^ith haif ite weight of Dow- 
dier, will issue fixMH that piece with >a vdcsctty whk^* 

* Instead of fhis rule, it we employ the 'actual r^istance s^ 
ittfvm tot erar^degree of telodCy, Inmy^eMtaUrqtiotMl 
im ttte two preceding notes, we shall come nearer tbit, \xx^* ^« 

1 
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if it were uniformly continued, would carry it near 
1700 feet in 1". 

If instead of a leaden ball, an iron one of. tlie 
same diameter was placed in the same situation in 
tlie same piece, and was. impelled by the same 
quantity of powder, the velocity of such an iron 
bullet would be greater than that of the leaden 
one, in the subduplicate ratio of the specific gra- 
vities of lead and iron ; and supposing that ratio 
to be as 3 to 2, and computing on the principles 
laid down in the last-cited proposition, it will ap- 
pear, thiat an iron bullet of 24lb. weight, shot 
from a piece of 10 feet in length, with 1 Gib., of 
powder, will acquire from the e;cnlosion a velo- 
city which, if uniformly coutinueo, would carry 
it nearl)r 1630 feet in 1". t 

This is the velocity which, according to our 
theory, a cannon-ball of 24lb, weight is discharg- 
ed with, when it is impelled by a full charge of 
powder; but if, instead of a quantity of powder 
weighing two-thirds of the ball, we suppose the 
charge to be only half the weight of the tall, then 
its velocity will, on the saixie principles, be no more 
than at the rate of 1490 feet in V ; and the same 
would be the velocities of every lesser bullet, fired 
with the same proportions of powder, if the lengths 
of all pieces were constantly in. the same ratio with 
the diameters of their bore: and althovgh, ac- 
cording to the usual dimensions of the smaller 
pieces of artillery, this proportion does not always 
nold, yet the difference is not considerable enough 
to occasion a very great variation from the veloci- 
ties here assigued ; as will be obvious to any one, 
who shall make a computation thereon. 

Biit in these determinations, we- suppose the 
windage to be no more, than is just necessary for 
the easy putting down the bullet ; whereas, in real 
service, either through negli^^ence or unskilfulness, 
it often happens^ that the diameter of the bore so 

1 much 
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much exceeds the diameter of the bullet, that great 
part of the inflamed fluid escapes by its side'^ 
whence the velocity of the shot, in this case, may- 
be considerably less than what we have assignea. 
However, part of this may possibly be compen- 
sated by the greater heat, which (as we have ob- 
served in the sixth proposition) in all probability 
attends the .firing of these large quantities of pow- 
der. 

COROLLARY. 

From the. great velocity of cannon-shot, assign- 
ed in this.prdposition:we may. clear up that dilH-r 
ciilty, which has driven some writers, on the com- 
mon theory of gunnery, into a very extraordinary 
hypothesis. - The difficulty, I mean, is. the extent 
of: the supposed point-blank shot, or the distance 
to which it is conceived to fly in a straight line. 
OnvAndtrsoh having found, by many experiments, 
that the track of shells and bullets, in the first 
part of their mdtioUj was. much less ineurvated, 
than what it ought to be on the principles of 
GalileOy when compared with the dbtant ranges, 
he supposed, in • order to. reconcile this xircum- 
stance with his theory, that every shot was im-r 
pelled to a certain distance from the n^outh of the 
piece, . in a straight line, or that for some distance 
It was no ways affected by the action of sfravity. 
By this means he defended, as he thought, the 
hypothesis of a parabolic motion, and at the same 
time assented to the vulgar opinion of the prac- 
tical writers, who, in general, asserted, the same 
thing. But. could no better account be given of 
his experiments, it would yet be unnecessary, I 
presume, fonndly to confute so strange a: suppo- 
sition as that of the suspnension 6f the action of 
gravity. Indeed, Anderson was deceived, by his 
not knowing how greatly the primitive velocity of / 
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the heaviest shot is diminished in the course of its 
flight by the resistance of the air. And the received 
opinion of practical gutiners, is not more difficult 
to account for, since, when they agree, that every 
shot flies in a straight line to a certain distance 
from the piece, which imaginary distance they 
have denominated the extent of the point-blank 
shot, we need only suppose, that within that dis- 
tance, which they thus determine, the deviation 
of the path of the shot from a straight line is not 
very perceptible in their method of pointing. Now, 
as a shot of S4lb. fired with two thirds of its 
weight in powder, will, at tiie distance of 500 
yards from the piece, be separated from die line 
of its original direction, by an angle of little more 
than half a degree ; those, who are acquainted 
with the inaccurate methods often used in. the di- 
rectmg of cannon, will easily allow, that so amall 
an aberration as this may, by the generality of 
practitioners, be unattended to, and the path ^ 
the shot may consequently be deemed a straiffht 
line, especially as other causes of error will often 
intervene, much greater than what arises from the 
incurvation of this line by gravity. 

In the present proposition^ the velocity of a shot 
is determined, both when fired with two thirds of 
its weight of powder, and with half its weight of 
powder, respectively; and, on this occasion, I must 
remark, that on the principles of the theory, which 
we have ascertained m this treatise, the increasing 
the chaise of powder will increase the velocity of 
the shot, tiU the powder arrives at a certain quan- 
tity ; after which, if the powder be increased, the 
velocity of the shot will diminish. The quantity 
producing the greatest velocity, and the propor- 
tion between that greatest velocity and the velocity 
communicated by greater and lesser charges, may 
be thus assigned. 

Let 
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Let A6 represent the axis of the piec^e ; draw 
AC perpendicular to it, and to the asymptotes AC 
and AB^ describe any hyperbola LF, and draw 
BF patallql to AC ; find out now the point D, 
where the rectangle ADEG is eoual to the hyper- 
bolic area DEFB, then will AD represent that 
heighth of the charge^ which communicates the 
greatest velocity to the shot ; whence AD being 
to AB, as 1 to 2,71628, as appears by the table of 
logarithms, from the length of the line AD, thus 
determined^ and the diameter of the bore, the 
quantity of powder, contained in this charge, is 
easily known*. 

If, instead of this charge, any other, filling the 
cylinder to the height AI, be used, draw IH pa- 
rallel to AC, and through the point H, to the 
same asymptotes AC and AB, describe the hyper- 
bola HK ; then the greatest vi^locity will be to the 
velocity communicated by this charge AI, in the 
subduplicate proportion of the rectangle AE, to 
the same rectangle diminished by the trilinear 
space HKE. All this easily follows from the prin- 
ciples laid down in the 7th proposition of the 1st 
chapter. 

PROP. 



\ 



* See this rule otherwise inyestigated in my Course of Mathe-. 
matics, toL 2. p^ 35 !• edit. 4th. But the same thing deter^ 
mined by experitnents is rather less than ^\a ii\im>^et ^^\%^%^ 
in all the nuioas leogAs of cannon ; as nay \)e iSiet^ ^tes^ti^ 1S^% 
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PROP. V. 

JVken a Cannon-Ball of 24lb. weighty fired with 
a full Charge of Powittrj first issues from the 
PiecCy the Resistance of. the Air on its Surface 
amounts to more than twenty Times its Gra- 
vity. 

r OR we have shewn, 'in the second proposition 
of the present chapter, that the resistance of the 
air on the surface of a bullet of i of an. inch dia- 
meter, moving with a velocity of 1570 feet in T, 
amounted to lOlb. Now we have ieen, in the 
last proposition, that an iton bullet weighing 24lb. 
if fired with l61b. of powder, (which is usually 
esteemed its proper battering charge) acquires a 
velocity of about 1650 feet m T, scarcely differ- 
ing from the other ; whence, as the surface of this 
last bullet is more than fifty-four times greater 
than the Surface of a bullet of i of an inch m dia- 
Yneter, and their velocities are nearly the same, it 
follows that the resistance on the lajrger bullet will 
amount to more than 5401b.* which is near twenty- 
three times its own weight. 

SCHOLIUM, 

We have observed, in the introduction, that the 
theorists, who have professedly written on the sub- 
ject of gunnery, have generally agreed in suppos- 
ing the night of shdt and shells to be nearly m the 
curve of a parabola ;" and it is against this hy(>o- 
thesis that the two last propositions are particularly 
aimed. 

For the reason, which has been given by these 
authors, in support of their opinion, is the sup- 
posed 

* By my experiments, the resistance amountt to, more than 
5a0lb. or 24 times Ute weight of the. ball. U. ., 
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posed inconsiderable resistance of the air ; since, 
as it is agreed on all sides, that the track of pro- 
jectiles would be a parabola, if there was no resist- 
ance ; it has from thence been too rashly conclude 
ed, that the interruption, which the ponderous 
bodies of shells and bullets would receive from so 
rare a medium as the air, would be scarcely sensi- 
ble, and consequently that their parabohc flight 
would 1;)e hereby scarcely affected. 

Now the prodigious resistance of the air to a 
bullet of 24lb. weight, such as we have here esta- 
blished it, sufficiently confutes this reasoning ; for 
how erroneous .must that hypothesis be, which 
neglects as inconsiderable, a force, which amounts 
to more than twenty timfs the gravity of the 
moving body ? However, we shall not content ; 
ourselves with having demonstrated tl^e reality and 
quantity of the air's resistance, but we shall pro- 
ceed to a more particular examination of the flight 
of bodies in that medium, where We shall evince, 
by many experiments, how greatly the track, de- 
scribed by almost every projectile, deviates in every 
circumstance from what it ought to be oh the ge- 
nerally-received principles. Biit, first, it is neces- 
sary to assume a few particulars, the demonstra- 
tions of which may be found in almost every 
writer on the common theory of falling bodies. 

Post. 1. If the resistance of the air be so small, 
that the motion of a projected body be in the curve 
of a parabola ; then the axis of that parabolia will 
be perpendicular to the horizon, and consequently 
the part of the curve, in which the body ascends, 
will be equal and similar to that in which it de- 
scends. 

Post. 2. If the parabola, in which the body 
moves, be terminated on a horizontal plain ; then 
the vertex of the parabola will be equally distant 
• from its two extremities. 

Post. 3. Also the naoving body will fall on that 

hOT\XO\w\.'^ 
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horizontal plain in the same angle and the same 
velocity, with which it was first projected. 
Post. 4, If a body be projected in different an- 

gles, but with the same velocity ; then its greatest^ 
orizontal range will be, when it is projected in 
an angle of 45^ with the horizon. 

Post. 5.^ If the velocity, with which the body is 
projected, be known, then tliis greatest horizontal * 
range may be thus found : compute, according to 
tlie common theory of sravity, wiiat apace the pro- 
jected body ought to fait through to acquire the 
velocity, with which it is projected; then twice 
that space will be the greatest horizontal range, or 
the horizontal range, when the body is projected 
in an angle of 45^ with the horizon. 

Post. 6. The horizontal ranges of a body, when 
projected with the same velocity, at different an- 
gles, will be between themselves, as the sines of 
twice the angle, in which the line of projection is 
inclined to the horizon. 

Post. 7. If a body be projected in the same an- 
gle with the horizon, but with diflPei*ent velocities; 
the horizontal ranges will be in the duplicate pro- 
portion of those velocities. 

These postulates contain the ptinciples, on which 
the motions of proiectiles are computed by the 
modern writera on the art of gunnery. 

If any of these postulates hold not true, when 
applied to the motion of a projectile, then that 
projectile deviates in its flight from a parabolio 
track; we shall therefore effectually destroy the 
common theory of projectiles, if we can shew, that, 
in general, none or tKese postulates correspond to 
the observed motions of tnose bodies. 

,PROP. 
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PROP. VI. 

The Track described by the Flight of Shot or 
Shells is neither a. Parabola, nor nearly a 
Parabola, unless they are projected with pnall 
Velocities. 

)l ofL we have determined, in the fourth proposi- 
tion of the present chapter, that a musket-ball Ir 
of an inch in diameter, fired with half its weight 
of powdet, from a piece 45 inches long, moveis 
with a velocity of near 1700 feet in 1*. Now, if 
this ball flew in the curve of a parabola, its hori- 
zontal range at 45^ would be found, by the fifth 
postulate, to be about 17 miles. Now all the 
practical writers assure us, that this range is really 
short of half a mile. Diego Ufano assigns to an 
arquebuse, 4 feet in length, and carrying a leaden 
ball of 14- oz. weight (which is very near out di- 
mensions) an horizontal range of 797 common 
paces, when it is elevated between 40 and 50 de- 
grees, and charged with a quantity of fine powder 
equal to the weight of the ball. Marsenus too tells 
us, that he found the horizontal range of an ar- 
quebuse at 45^ to be less than 400 fathom, or 
800 yards ; whence, as either of these ranges are 
short of half an English mile, it follows that a 
musket-sHot, when fired with a reasonable charge 
' of powder, at an elevation of 45^ flies not the ^ 
part of the distance it ought to do, if it moved in 
a parabola. ^ ' 

Nor is this great contraction of the horizontal 
range to be wondered at, when it is considered, 
that the resistance of this bullet, when it first issues 
from the piece, amounts to 120 times its gravity; 
as has been experimentally demonstrated in the 
second proposition of the present chapter. 

Again,- lest it should be said, that this aberra- 
tion of the flight of a musket-ball from the curve 

K- ' 
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of a parabola, is no proof but that heavier shot, 
whose resistance is much less hi proportion to their 
weight, may sufiiciently coincide with the com- 
mon hypothesis ; our next instance shall be in an 
iron bullet of 24lb. weight, which is the heaviest 
in common use for land service. Such a bullet, 
fired from a piece of the customary dimensions, 
with its greatest allotment of powder, has a velo-* 
city of 1650 feet in 1", as wc have determined in 
the fourth, proposition of the present chapter.-— 
Now if the horizontal range of this shot, at 45* 
be computed on the parabolic hypothesis by the 
fifth postulate, it will come out to be about 16 
miles, which is between* five and six times its- real 
quantity; for the practical writers all agree in 
making it less than three miles : and St. Remy 
informs us of some experiments made by Mn du 
Metz^ in which the range, at 45®, of a piece tea 
feet in length, carrying a ball of 24lb. andqharged 
with l6lb. of powder, was 2250 Frtnch fathom, 
which is 222 fatliom sliort of three miles ; conse-^ 
quently an iron bullet of 24lb. weight, when im- 
pelled with its full allotment of powder, flies not, 
at 45®, to the fifth part of the distance which it- 
ought to do, if it described the curve of a para- 
bola. 

But farther, it is not only when projectiles arc 
moved with these very great velocities, that their 
flight sensibly^ varies from the curve of a parabola ; 
the same aberration often takes place in such, as 
move slow enough to have their motion traced out 
l)y the eye ; for iherc are few projectiles, that can 
be thus examined, which do not visibly disagree 
with the first, second, and third postulate, tney 
obviously descending through a curve which iS: 
shorter, and less inclined to the horizon, than that 
in which they ascended ; also the highest point of 
.their flight, or the vertex of the curve, is much 
nearer to the place, where they fall on the ground, 

than 
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than to that from whence they were at first dis- 
charged. These things cannot be a moment doubt- 
ed of by one, who in a proper situation views the 
flight of stones, arrows, or shells, thrown to any 
considerable distance. ^ 

I have found too by experience, that the fifth, 
sixth and seventh postulates are excessively erro- 
neous, when applied to the motions of bullets 
moving with small velocities : a leaden bullet ^ of 
an inch in diameter, discharged with a velocity of 
about 400 feet in 1", and in an angle of 19® 5', 
with the horizon, ranged oix the horizontal plane, 
no more than 448 yards ; whereas its greatest ho* 
rizontal range being found by the fifth postulate, 
to be at least 1700 yards, the range at 19^5',. 
ought, by the sixth postulate, to have been 1050 
yards ; whence, in this experiment, the range was ^ 
not x of what it must have been, had the common 
received theory been true. 

Again, a ball was fired with the same velocitfy 
as in the last experiment, but at an elevation of^ 
9® 45', its horizontal range yiras at a medium 330 
yards. 

Now this range, according to the fifth and sixth 
postulat;es, (if its original velocity be considered) 
should have been 566 yards. But if it were to be 
deduced from the last experiment, by means of 
the sixth postulate, it should have been no more 
than 241 yards ; either of which numbers are ex- 
tremely distant from 330. 

Again, a ball being fired at an elevation of 8^, 
but with a velocity oi 700 feet in 1", the horizon- 
tal range at a medium was 690 yards. 

But computing this range from the original ve* 
locity of the projected body, according to the fifth 
and sixth postulates, we shall find, that if the theo- 
ry, on which those postulates are founded, could 
be reUed on, the range in the present instance ought 
to have been 1400 yards; whence it appears, that 
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the body flew not to half the distance whicJi, had 
it moved in a parabola, it ouifht to have done. 

Again, a ball being tired with the same velocity 
as in the last, but at an elevation of 4°, its hori- 
zontal range was 600 yards. 

. Now this range, if deduced from the last ex^. 
periment by the sixth postuhite, should not have 
been more than 350 yards ; hence then is evinced 
the falsity of that postulate, and consequently of 
the parabolic hypotliesis, on which it is founded. 

Having thus proved, that the track described 
by the flight, ^ven of the heaviest shot, is neither 
a parabola, nor approaching to a parabola, except 
wnenthey are projected with very small velocities; 
we shall refer to a second part, a more distinct 
explication of the nature of the curve, which these 
bodies really trace out in their motion through thp 
air : but, as a specimen of the great complicatioa 
of that subject, I shall here insert an account of a 
very iextraordinary circumstance, which frequently 
takes place therein. 

As gravity acts perpendicularly to the horizon,' 
it is evident, that if no other power but gravity 
deflected a projected body from its rectilinear 
€omse, its motion would be constantly performed 
in a plane perpendicular to the horizon, passing 
through tlie line of its original direction : but we 
liave found, that the bodv in its motion often de- 
viates from this plane, souutimca to the right- 
hand, and at other times to the left: and this in 
an iucurvatcd line, which is convex towards that 
plane ; so that the motion of a bullet is frequently 
in a line having a double, curvature, it being 
bent towards the horizon by the force of gravity, 
and again bent out of its original direction, to the 
right or left, by the action of some other force: 
in this case no part of the motion of the bullet is 
performed in the same plane, but its track will lie 
in the surface of a kind of cylinder, whose axis is 

1 perpendicular 
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perpendicular to the horizon. The truth of this 
assertion we shall evince by indisputable experi- 
ments. 

PROP. VII. 

Bullets in their Flight are not only depressed 
beneath their original Direction by the Action 
of Gravity y but are also frequently driven to 
the right or left of that Direction by the Ac- 
tion (f* some other Force. " 

Xf it was true, that bullets varied their direction 
by the action of gravity only, then it ought to 
happen, that the errors, in their flight to the right 
or left of the mark they were aimed at, should 
increase in the proportion of the distance- of the 
mark from the piece only :. but this is contrary to 
all experience; the same piece, which will carry 
its bullet within an inch of the intended mark^ 
at 10 yards distance, cannot be relied on to 10 
inches in 100 yards, much less to 30 inches in 
300 yards. This increase of the uncertainty of tho 
shot in great distances, more than in the propor- 
tion of those distances, must have been observed 
by all, who have been at any time conversant 
with the practical part of artillery. Now this in- 
equality can only arise from the track of the bul- 
let being incurvated sideways as well as down- 
wards; for by this means the distance between 
that incurvated line, and the line of direction, 
^il increase in a much greater ratio than that of 
"the distance ; these lines being coincident at the 
:snouth of the'piece, .and afterwards separating in 
the manner or a curve and its tangent, if the 
%iouth of the piece be considered as the point of 
Contact. 

But that those, who have not been themseU'^cs 
accustomed to those matters, may entertain xxq 
^oubt about what we here assert; I shall tecvxje. 

K 3 ^^"Kw 
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some experiments, I have made, which will put 
the matter out of all question. ' 

I took a barrel carrying a ball of -J- of an inch 
diameter, and fixing it on a heavy carriage, I sa- 
tisfied myself of the steadiness and truth of its 
direction, by firing at a board ly foot square, 
which was placed at 180 feet distance; for I 
found, that m' 16 successive shot I missed the 
board but once. Now the same barrel being fixed 
on the same carriage, and fired with a smaller quan- 
tity of powder, so that the shock on the discharge 
would be much less, and consequently the direc- 
tion kss changed, I found, that at 760 yards di$- 
tance^ the ball flew sometimes 100 yards to the 
right of the line it was pointing on, and at other 
tiines 100 yards to the left I found too, that 
its direction in the perpendicular line was not less 
uncertain, it falling one time above 200 yard? 
short of what it did at another ; although, by the 
nicest examination of the piece after the discliarge, 
it appeared not to have tne least started fioni uie 
position it was placed in.* 

This then sufficiently confirms the proposition, 
since it was impossible the bullet could have flown 
in the manner nere described, had not the line of 
its flight been bent round to the right or left a9 
well as downwards. 

SCHOLIUM, 

The reality of this doubly-incurvated track be- 
ing thus demonstrated, it may perhaps be asked, 
what can be the cause of a motion bo diflfeFent 

from 

* The uncertainty of shooting with these leaden bblksts afu 
pears to be very great : it is not probable, however, that it am 
be so grea^ in shooting with cfir^l(^a.balIs ; because these are 
commonly cast rounder, and, being of iron, have not their fi- 
gure changed by the action of the powder, nor by striklDg 
against the sides of the hoxfi» U. 
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from what has been hitherto supposed ? And to 
this I answer, that the deflection in question must 
be owing to some power acting obliquely to the . 
progressive motion of the 6ody, which power can 
be no other, than the resistance of the air.* If it 
be farther asked, how the action of the resistance 
of the air can at any time be in a line oblique 
to the progressive motion of the body ? I farther 
reply, that it may sometimes arise perhaps from in- 
equalities in the resisted surface, but that its gene«- 
tai cause is doubtless a whirling motion acquired 
by the bullet about its axis ; for by this motion 
of rotation, combined with the progressive motion, 
each part of the bulletis surface will strike the air 
in & direction very different from what it would do, 
if there was no such whirl ; and the obliquity of 
the action of the air arising from this cause will 
be greater, accoixling as the rotatory motion of the 
bullet is greater in proportion to its progressive , 
motion. 

I have now finished all that I proposed to deter- 
mine in this place, relating to the force of pow- 
der and the resistance of the air: but as the know- 
ledge of the resistance of solids to the penetration' 
of shot is of great importance in the practical 
part of gunnery, especially in battering in breach ; 
I shall end the present treatise with a proposition 
rdatihg thereto, which is as follows. 

* This assertion would require some modification, as the chief 
part of the deviation in the flight must be owing to the irregular 
formation of the ball, both as to its internal structure^ and wa^t 
of roundness on the surface. H. 

K4 
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PROP. VIII. 

Jf Bullets of the same Diameter and Density im^ 
pinge on the same solid Substance with differ^ ' 

' ent VelocitieSy they will penetrate that Sub" 
stance to different Depths, which xvill be in the 
duplicate Ratio of those Velocities nearly. 
A7id the Resistance of hlid Substances to the 
Penetration of Bullets is uniform. 

JL HE first part of this proposition I have; found 
to b6 true in a great number of instances ; for 
when a leaden bullet x of an inch in diameter, was 
fired against a solid block of elm, with a velocity 
of about 1700 feet in 1", I found, that in a great 
number of trials it had penetrated from 4^ to 54- 
inches deep. When a bullet of the same size was 
fired against the same block, with a velocity of 
about 730 feet in 1", its outer surface was always 
near ^ of an inch within the surface gf the wood, 
so that its penetration was at a medium about 1 
inch ; or, if the cavity be considered, and reduced 
to a cylinder, about -J- of an inch ; and with a velo^ 
city of 400 feet in 1", the bullet penetrated the 
same block usually to about half its substance, 
which, reduced to a cylindric cavity is i- of au 
inch in depth. 

Now 55^ 10, 3, are nearly in the duplicate pro^ 
portion of these velocities ; whence, if the pene- 
tration to the greatest velocity be supposed 5 inches, 
the penetration of the others ought by the propo- 
sition to be TT and TT- of an inch respectively; and 
these numbers scarcely differ from {- and J, which 
are what we have found in our experiments ; a 
greater coincidence than this cannot be cxi>ectcd, 
when the unequal texture of the same piece of 
wood, and the change of the form of the bullet 
bv the stroke, are considered. 

Now, from the penetration being in the dupti^^ 

cate 
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cate proportion of the velocity of the impinging 
body, the uniform resistance of the wood is easily 
evinced on the same principles, that the uniform 
action of gravity is demonstrated from its com- 
municating to falling bodies velocities in the subdu- 
plicate proportion of the spaces^ they descend 
through, or from the rising of bodies when 
projected upwards, to heights which are in the 
duplicate proportion of the velocities, with which 
they begin to ascend.* 

* These experiments with leaden bullets, which change their 
figure hy the stroke, are not so proper to determine this point, 
as cast iron balls, with which I have made many experiments; 
by which it appears both that the penetrations, with the higher 
charges, fall short of the above proportion ; and that the re. 
^listing force of the wood is not a constant quantity. See some 
of these experiments in several places of my Tracts, and sonit 
remarks in particular at p. 265. IL 
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^n Account of a Book entitled^ New Principles 
of Gunnery, containing the Determination of 
the Force of Gunpowder ; and an Investiga-- 
tion of the Resisting Power of the Air to 
swift and slow Motions ; as far as the same 
relates to the Force of Gunpowder. I^ead 
before the Royal Society , April 14 and 21, 
1743, and printed in the Philosophical Trans- 
, actions, No. 469» 

T' - • ^ - . • ' . 

HIS treatise contains two chapters. The first 
treats of the force of gunpowder, and the velo- 
cities communicated to bullets by its explosion : 
the second considers the resistance of the air to - 
bullets and shells moving with great velocities ; 
and endeavours to evince, that this resistance is 
much beyond what it is generally esteemed to be } - 
and consequently, that the track described by the 
-* flight of these projectiles, is very different from 
what is usually supposed by the modern writers on 
4 this subject. 

The principal points endeavoured to be establish- 
ed in the first chapter are these, " That the force 
" of fired gunpowder is ao more than the action 
" of a permanent elastic fluid, which is produced 
" by the explosion ; that this fluid observes the 
" same laws with common air in their exertion of 

its pressure or elasticity;" and consequently, 

That the velocities commutiicatcd to bullets by* 
" the explosion, may be easily computed from 
" the common rules, which ,are established for 
" the determination of the air's elasticity." 

The two first propositions contain the proofs, 
that a permanent elastic fluid is constantly gene- 
rated m the explosion of gunpowder; this is. 
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evinced, by well*^known e^erimeuts daily repeat* 
ed, and acquiesced in by all who, have frequented 
the usual courses of experimental philosophy, of 
which these experiments generally make a part ; 86 . 
that the author presumes he may consider this 
point as incontestibly established, at least he has 
never yet met Mrith any who have questioned it. 

The third proposition is, that the elasticity of 
this fluid produced by the firing of gunpowder, is, 
ceteris paribasy directly as its density ; and the 
experiment by which this was confirmed, was 
letting fall separately two quantities of powder, 
the one double the other, on a red-hot iron in- 
cluded in an exhausted receiver ; and it appeared, . 
by the descent of the mercury, that the elasticitjt 
of the fluid produced from the double quantity of 
powder, was nearly double the elastiei^ of that 
produced from the single quantity; that is, the 
elasticity was nearly as the density of the fluid. ' 

But it may perhaps be thought, that a single 
experiment is too slender a foundation, on which 
to build so material a principle; since all subse- 
quent reasonings on the force of powder in some 
measure depena on it In reply to this it may 
be said, that the author recited this single expe- 
riment on account of the great quantity of pow- 
der made use of in it, which was three sixteenths 
of an ounce; but that he had really made many 
more equally conclusive, which he thought it un- 
necessaiy to mention. However, those who doubt 
of this proposition, may satisfy themselvcte herein 
by some experiments made by the late Mr.' 
Hauksbee before this Society, though with a' 
different view ; where, by the firing of twenty-six' 
quantities of powder successively, the mercuriai 
gage was sunk from twenty-nine inches and a' 
half, to twelve three fourths; for by comparing 
these experiments together, and making tnc ne-- 
qsssary allowances, it will be found, that tEe elas-. 

ticity 
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ticity was nearly proportional to the density in all 
that variety of densities. 

In this proposition, the analogy between the 
fluid produced by the expbsion of powder and 
comny>n air, is established thu;^ far, that they 

: exert equal elasticities in like circumstances ; for^ 
this variation of the elasticity, in proportion to 
the density, is. a well-known property of common 
air^ But other authors, who, since the time of 
Mr. Boytle, have exanHne4 the; factitious elastic 
fluids produced by buiiiing, distillation^ &c. have 
carried this analogy much farther, and have sup* 

. posed these fluids to be real air, endued with alt 
the properties of that we breathe; particularly^ 
the reverend Dr. HaleSy who has pursued this 
examioation with the greatest exactness, in a se- 
ries of the best contrived processes, constantly 
affixes the denomination of air to these factitious 
, fluids;, he having found, that their weight is the 
$ame with that of common air, and that they di« 
late with heat, and contract with cold ; and that 
they vary their densities under different degrees 
of impression, in the same proportion with com- 
mon air; and from hence, and other circumstances 
of agreement between them, he supposes them to 
be of tbe same nature with air, and conceives 
them to be fitly designed by the same name. 

But so perfect a congruity between these fac- 
titious AukIs and air is not necessary for the pur- 
poses of this treatise. The fundamental positions^ 
of this first chapter supposing no more, than that 
the elasticity of the fluid, produced in the explo- 
sion of guupowder, is always, caterU paribus^ as 
its density ; and that the force of fired gunpow- 
der is only the action of that fluid modified ac- 
cording to this law. It has been already men-, 
tioned, on what grounds the first of these prin- 
ciples hath been asserted, as contained in the third 
proposition ; and it remains to explain the reason.<^ 
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urged for the support of the last in the eight suc- 
ceeding propositions. 

The law of the action of this fluid being de- 
termined, two methods offer themselves for inves- 
tigating the absolute force of powder on tile bo- 
dies it impels before it. The first by exartiining 
the quantity of this fluid produced by a given 
quantity of powder, and thence finding its elas- 
ticity at the instant of the explosion; the other 
by detennining the actual velocities communicat- 
ed to bullets by known charges, acting through 
barrels of different dimensions. The first is tlie 
most easy and obvious, but the second the most 
accurate method ; and therefore the author has 
separately pursued each, and he has found that 
.their concurrence has greatly exceeded his expec- 
tation, and thereby both of them receive an ad- 
ditional confirmation. 

The quantity of the elastic fluid, produced by 
the finng of a given quantity of powder, is deter- 
mined by firing it in an exhausted receiver, and 
observing how much the mercurial gage subsides 
thereby, making a proper allowance for the in- 
crease of its elasticity from the heat of the in- 
cluded hot iron. But then, as the subsiding of 
the mercury is not measured till the flame of the 
powder is extinguislicd, and tlie flame is reduced ' 
somewhat near the temperature of the external 
air ; it is evident that the elasticity thus estimated 
is much short of what it really was in the instant 
of explosion ; and, therefore, to obtain that elas- 
ticity, which is the force sought, it is necessary to 
make some estimate of the increase of the elas- 
ticity of the fluid by the fire and flame of the ex- 
plosion. For this purpose it is examined in tlie 
fifth proposition, how much the elasticity of com- 
. mon air is increased by a degree of heat equal to 
that of iron l)eginning to grow white hot; and it 
is found, at a medium, to be thereby augmented 

something 
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something more than four times; whence, as the. 
fluid produced by any quantity of gunpowder 
takes up, when compressed by the weight of the 
incumbent atmosphere, a space something less ^ 
than 650 times the bulk of the powder ; it* fol- 
lows, that if its elasticity, in the instant af explo- 
sionj be supposed to be increased in the same pro- 
portion with that of the air last mentioned, it be- 
comes by this means about 1000 times greater than 
the pressure of the atmosphere; that is, conceiving 
it to be contained in that space only which the 
powdei; occujned, before it was fired. 

Those who have not been .conversant in these 
experiments, may possibly suppose that the elas- 
ticity of the powder, at the instant of explosion, 
may be immediately known by the first sudtfen. 
descent of the mercury : but many circumstances 
Concur to render this method impracticable; 
anrongist the rest, it must be remembered, that 
some air is constantly left in the receiver, * which 
is heated by the blast, and unites its effects, in the 
first instant, with the action of the po\Vder; be- 
sides, the first descent may be varied, by vary- 
ing the tube, although all things else remain un- 
changed. 

'By the method hitherto described, it is collect- 
ed, that the elasticity of the fluid produced from 
firedx gunpowder, when contained in the space, 
which was taken up by the powder before the 
explosion, is about 1000 times greater than the 
elasticity of common air, or, which is the same 
thing, 1000 times greater than the pressure of the 
atmosphere: 

But, besides the determination of the quantity 
of fluid, produced by a given quantity of powder, 
(the method on which this deduction is founded) 
there is another method of discovering the same 
thing, which, though less obvious, is yet (as hath 
been already observed) more acciirater tl\^.l \%^ . 
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by examining the actual velocities communicated 
. to bullets by the explosion of given charges in 
given cylinders; and this is the subject of the 7th, 
8th, and 9th propositions. 

And lil'st, it is evident, that this examination 
cannot take place, unless a method of discovering * 
the velocities of bullets be previously established. 
Now the only knoivn means of effecting this was, 
either by observing the time of the flight of 
bullets tlirough a given space ; or by finding their 
ranges when they were projected at a given angle, 
and thence computing their velocity on the hypo- 
thesis of their parabolic nfotion. The first of these 
methods was often impracticable, and in all great 
velocities extremely inaccurate, both on account 
of the shortness of the time of thrir flight, and the 
resistance of the air. The second is still more ex- 
ceptionable; since, by reason of the air's resistance, 
the velocities thus found may be less in any ratio 
given,* than the real velocity sought. Now, to 
avoid these difficulties, the author has invented a 
method of determining the velocities of bullets^ 
which .may be carried to any required degree of 
exactness, and is no ways liable to the foremen- 
tioned exceptions ; for, by this invention, the ve- 
locity of the bidlet is found in any point of its 
track, independent of the velocity it had before it 
arrived at that point, or of the velocity it would 
have, after it had passed it : so that not only the 
the orijj-inal velocity, with which it issues from the 
])iccc, IS hence known, but also its velocity after 
ir lias passed to any given distance ; and therefor* 
the variations of its velocitv from the resistance of 

• 

the air may be also ascertained with gi-eat facility. 
The machme for this purpose is described in the 8th 
proposition, and the principle it is founded on, is 
this simple axiom of mechanics; That if a body in 
motion strikes on another at rest^ and they are 
not separated after the stroke^ but move on with 

one 
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one common motion ; then that common motion is 
equal to the motion^ with which the first body 
moved before the stroke : whence if that common 
motion and the masses of the two bodies are 
known, the motion of the first body before the 
stroke is thence determined. On this principle 
then it follows, that the velocity of a bullet may 
be diminished in any given ratio^ by its being 
made to impinge on a body of a weight properly 
proportioned to it; and hereby the most violent 
motions, which would otherwise escape our exami- 
nation, are easily determined by these retarded 
motions, which have a given relation to them. 
Hence then, if a heavy body greatly exceeding the 
weight of the bullet, whose velocity is wanted, be 
suspended, so that it may vibrate freely on an axis 
in the manner of a pendulum, and the bullet im- 
pinges on it, when it is at rest; the velocity of the 
pendulum after the stroke will be easily known by 
the extent of its vibration ; and from thenfiCy and 
the known relation of the weight of the bullet and 
the pendulum, and the position of the axis of os- 
cillation, the velocity, with which the bullet is im- 
pinged, will be determined, as is largely explained 
m the 8th proposition. Where note, tliat there is 
a paragraph by mistake omitted in that proposi- 
tion, which should increase the velocity there found 
in the subdupUcate proportion of the distances of 
the pointsofoscillationandperqussion from the axis 
of suspension ; but this only affects that particular 
number, for it was remembered in the computa- 
tions of the succeeding experiments, the numbers 
of which are truly stated. 

It being explained how the velocities of bullets 
may be discovered by experiment: the next consi- 
deration is, from those velocities to determine the 
force, which produced tliem. 

And the author thought, the best method of 
effecting this was by computing, what velocities 

L 2 N^wi' 




164 TRACTS 

would arise from the action of fired powder, sup- 
posing its force to be rightly assumed by the pro- 
cess in the preceding part ; that is, supposing the 
. elasticity of tlic flui(I thence arising to be at first 
1000 times greater than that of common air j for 
then, by comparing the result of these computa- 
tions with a great number of different experiments, 
it would appear, whether thiit force was rightly 
assigned; and if not, in what degree it was to be 
corrected. 

Preparatory to this computation, the author 
assumes, in iiis 7th proposition, these two prini- 
ciples : 

1^/, That the action of the powder on the bul* 
let ceases, as soon as the bullet is got out of the 
piece. 

2rf/y, That all the powder of the charge is fired, 
and converted into an elastic fluid, before the bul- 
let is sensibly moved from its i)lace. 

And in the annexed scholium he has given the 
arguments and experiments, which induced 'him to 
rely on these postulates ; all which is necessary at 
present to discuvss more at large. 

If the force of gunpowder was supposed capable 
of being determined with the same accuracy and 
rigour, which takes place in subjects purely geo^ 
metrical, the first or these postulates would be 
doubtless erroneous, since it cannot be questioned 
but the flame acts in some degree on the bullet af- 
ter it is out of the piece. 

But it is well known, tliat, in experimental sub- 
jects, no such preciseness is attainable i for those 
versed in experiments perpetually find, that either 
the unavoidable irregularities of their materials, or 
the variation of some unobserved circumstance, 
occasion very discernible differences in the event 
of similar trials. Thus the experiments made use * 
of for confirming the laws of tlie collision of bo- 
dies, have never been found absolutely to coincide 

either 
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dther with the theory, or with each other. The 
same is true of the experiments on the running and 
spouting of water and other fluids, and of the ex- 
periments made hy Sir Isaac Newton^ for the con- 
fimation of his theory of resistances ; in which, 
though they often differ from each other, and from 
that theory by one-twentieth, one-tenth, and even 
' sometimes one-fifth part ; yet those small inequa- 
lities have never been urged as invalidating his 
conclusions ; since, in experiments of that nature, 
it was rather to be wondered at, that the difFerence 
between the different trials was" so small, , 

Ai)id if some minute irregularities are the neces- 
sary concomitants of all complicated experiments, 
it may be well supposed, that the action of so fu- 
rious a power as that of fired gunpowder, which 
visibly agitates and disorders all parts of the appa- 
ratus made use of, cannot but be attended with 
sensible variations ; and it in fact appears, that in 
the table of experiments inserted m the 9th pro; 
position, the velocities of bullets fired from the 
same piece, charged with the same powder, and all 
circumstances as near as possible the same, do yet 
differ from each other by one-fiftieth, one-fortieth, 
and sometimes more tha'ft one- thirtieth of the 
whole ; atid yet the author does not conceive, that 
these small differences are any exception to the 
conclusiveness of his principles ; but, he presumes, 
that had he pretended, without disclosing his me- 
thod, to have computed the force of powder, and 
the velocities of bullets, in different circumstances, 
to a much less degree of accuracy than this, he 
should have been censured, as boasting of what , 
would have been thought impracticable. 

If then the action of the flame on the bullet, af- 
ter it is out of the piece, is so small as to produce 
no greater an effect, than what may be destroyed 
hy the inevitable variations of the experinients, 
the neglecting it entirely, and supposing uo &uc^ 

L 3 io\c.^ 
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force to take place, is both a convenient and a 
reasonable procedure : for, indeed, without the as- 
sumption of postulates of this kind, it were imp*H- 
sible to have proceeded one step in natural philo- 
sophy ; since no mechanic problem hath been ever 
solved, in which every real inecjuality of the mov- 
ing force hath been considered. 

Now what induced the author to suppose, that 
this postulate (though not rigorously true) might 
be safely assumed, was the consideration of. the 
spreading of the flame by its own elasticity, as 
soon as it escapes from the mouth of the piece : 
for by this means he conceived, that the part of it, 
which impinged on the bullet, might be safely 
neglected ; although the impulse of the entire flamed 
was a very remarkable force. 

With regard to the second postulate, ^* That all 
'* the powder is fired before the bullet is sensibly 
** moved from its place ;" it is incumbent on the 
aiithor to be still more explicit, as this Society 
did some time since appoint a committee for exa- 
mining this very position, who, after making -a 
great number of experiments, have determined*,. 
That all the poxvder is not fir ed^ before the bullet 
is sensibly moved fro77i%s place ; and they have, 
at the same time, assigned the quantities remain- 
ing unfiled under different circumstances. 

These detAminations of the committee are most 
true ; but the author must observe, tliat from the 
experiments recited bv them, and tlie quantity of 
unfired powdcf, which they collected, it may be 
'concluded, that in a barrel of a customary length, 
charged with the usual quantity of jpowder, the 
deficiency of* velocity occasioned by the powder 
remaining unfired will be scarcely sensible; and in 
the shortest barrel ever used by the author, where 
the space, the bullet was impelled through, was 
uot five inches, and where of course this deficiency 
'■ '• •• of 

- ' ♦ See these Trawocf low*,- No. 465, p. 172, B^e, 
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of velocity ought to be the greatest, it cannot 
amount to one-thirtieth part of the whole ; and 
consequently this postulate, though not rigorously 
true, may yet be safely assumed, in the investigat- 
ing the effects of powder. But before tins is more » 
particularly examined, it is necessary to explain 
the opinions, which have formerly taken place on 
this subject. 

Those who have hitherto wrote on the manner, 
in which powder takes fire, have supposed it to be 
done by regular degrees; the first grains firing 
those contiguous, and they the next successively ; 
and it has been generally thought, that a consi-' 
derable time was employed in these various com- 
munications: for Mr. Daniel BernoullL in his 
excellent Hydrodynamic<n^ has concluded frota 
some experiments made at Peter^burgk^ that the 
greatest part of the charge escapes out of the 
piece unfired, and that the small part, which is 
fired, does not take fire till it is near the mouth. 
Many theories too have been composed on the 
time of the progress of the fire amongst the grains, 
aiid the different modifications, which the force of 
powder did thence receive ; and it has been gene- 
rally conceived, that the jiroper lengths of pieces 
were determinable from this principle : *' That 
" they should be long enough to give time for all 
" the powder to fire." 

But the author being satisfied, that no such re- 
gular and progressive steps coqld be observed in 
the explosion ; and having found, that by loading 
with a greater weight of bullet, and th^r^by al- 
most doubling the time of the continuance of the 
powder in the barrel, its force received but an in- 
considerable augmentation ; and finding too, that 
doubling or trebling the usual, charge, the pow- 
der thus added always produced a correspon,- 
dent effect in the velocity of the bullet; and 
discovering Ukewise in a piece near four feet in 

L4 \^^^^|| 
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length, charged with a usual charge of powder, 
that the velocity comniunicated to the bullet, dur- 
ing the first three inches of its motion, was full 
half the velocity, which it acquired in its whole 

> passage through the barrel, and that the elasticity 
or force of the powder, in the first three inches of 
its exj)ansion, was, at a medium, near eight times 
greater than in the last two feet of the barrel ; he 
concluded from all these circumstances, that the 
time employed by the powdtfr in taking iue was 
not necessary to be attended to in these computa- 
tions ; but that the whole mass might be supposed 
to be kindled, before the bullet was sensibly moved 
from its place. 

And the experiments reported by the committee 
are the strongest proofs, (as far as they extend) 
that powder is not fired in the progressive manner 
'usually supposed ; for when the short barrel was 
charged with 12dw. and with 6d\v. respectively, 
the quantity of powder which was collected un- 
fired from 12d\v. did not exceed by 3 grains, at a 
medium, what was collected from 6d\v. although 
the bullet was a less time in passing through 'the 
barrel with 12dw. than with 6dw. it having a less; 
way to move ; consequently the quantity remain- 
ing unfired of the 6dw. did not continue unfiled 
for want of time, since, when the piece was 
charged with 12dw. the additional 6dw. was con- 
sumed in a shorter time. 

And again, when the barrel was so shortened, 
that the bullet, being placed close to the wad, 
lay with its outer surface nearly level with the 
mouth of the piece, so that it had not more than 
half an inch to move before the flame would have 
liberty to expand itself; yet, even in this short 

. transit of the bullet, only Qchw l^gr. was collect- 
ed unfired, at a medium ; which is about -^ of the 
whole charge, or, if properly reduced, not more 
than -tV of the charge : an obvious confutation 

of 
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of the gradual firing of the powder in its passage 
through the barrel, and an easy proof, how small 
an error will be occasioned by supposing the whole 
charge to fire instantaneously ; since the error in 
the velocity of the bullet, arising from a deficiency 
of T^-y of the charge, is ^V of that velocity only. 

I say, that the -^of the charge, which remained 
unfired, amounts to no more than ^, when it is 
reduced as it ought. This reduction is founded on 
the other experiments reported by the committee, 
and on the circumstances of those trials, on which 
the author fi^unded the present postulate. The au- 
thor has supposed 'the powder, on.which he reasons 
in this treatise, to be of the same sort with that 
made for the service of the government, a parcel 
of which he was favoured with by Mr. JValton. But 
this he -chiefly kept for a standard, and generally 
used other powders, which, on examination, he 
found to be of equal force. These powders were 
of a very small and even grain, and the committee 
have found, that by sifting the government powder, 
and making use of the smaller grains, the quantity 
remaining unfired was less, at a medium, in the ratio 
of 5 fo 3, than when it was used without sifting. 
. And again, it was found by extracting the salt- 
petre from the powder collected unfired, that there 
was less saltpetre contained in it than in real pow- 
der, and this nearly in the ratio of 9 to 7 : these ' 
two proportions compounded, make the proportion 
of 15 to 7, and in this proportion must the quan- 
tities of powder collected unBred be reduced, in 
order to determine the quantities of real powder 
remaining unfired, in similar experiments made by 
the author, v 

And from hence it follows, that in the experi- 
incnts made with a barrel 5-J- inches in length, 
where the ball had not 3 inches to move, and where 
the irregularity arising from the powder unfired 
ought to have been the most sensible; the quan- 
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tity of real powder collected unfired from a charge 
of 1 2 d wt. would have been no more than 1 6 grains 
at a medium, or Vr of the whole charge : and it 
being found by experiment, that the velocities of 
bullets placed in the same situation vary in the 
subduplicate proportion of the charges, the defici- 
ency of velocity arising from the loss of the Vt of 
the charge, would be about -jV of ^he whole velo- 
city only, which, in the present case, is not tV of 
an inch in the chord of the arch described by the 
pendulum measuring the velocity, and is a less dif- 
ference, than what frequently occurs in the ex- 
actest repetition of the same experiments. 

Other circumstances occur, wnich reduce the in- 
equality arising from the unfired powder still 
lower; but it is thought, that this is fully sufficient 
to justify the postulate in question, especially as, 
in all cases of real use, the length of the barrel, in 
proportion to the quantity of the charge, will be 
much greater than in the present instance : whence 
the author presumes, that, in computing the velo- 
cities communicated to bullets by the action of 
powder, it may be safely supposed, that the whole 
charge is fired before the bullet is sensibly moved 
from its place ; at least there is no foundation, 
from the experiments made on this subject by the 
committee, to suspect, that when small-grained 
powder is made use of, any greater irregularity 
will arise from the application of this supposition, 
than what would otherwise take place from the in- 
tervention of unavoidable accidents. 

It has been thought necessary to discuss more 
at large these two postulates ; because the last of 
them being almost in the very words of one of the 
(questions proposed to be examined by the com- 
mittee of this Society, and having by them been 
determined in the negative, those who have not 
attended to this subject might suppose, that there^ 
^by the author's principles were entirely overturn- 
ed : now this would be a great injustice to him^ 

since 



OF GUNNERY. , 171 

since' he has not- relied on this postulate as rigo- 
rously true ; for he knew, and has himself taken 
notice in the present proposition, that some of the 
powder escapes unfired ; and he has there made 
some conjectures on tlie cause of it : but, without 
insisting on the reality of those conjectures, he 
adds, that, /^ Be that as it may, the truth of our 
" position cannot in general be questioned." 

And though it appears, from what has been al- 
ready said, that the experiments recited by the com- 
mittee rather confirm than invalidate the general 
sense of that postulate; yet it is but justice to own, 
that they are a. full conratation of the conjectures 
of the author in relation to the cause, why some 
part of the powder comes Out unfired ; for the au- 
thor has supposed, after Diego Ufano^ that the 
part, which thus escaped, was scattered in the bar- 
rel, and not rammed up with the rest; or else that 
it was of a less inflammable composition : but the 
experiments made on this occasion entirely destroy 
this supposition* 

As this, or any other conjecture on the cause of 
this accident, (for it plainly appears not to be for 
want of time only) has nothing to do with the ge- 
neral reasoning of the present treatise, it is not 
necessary to enter into it in this place ; but it may 
not be improper to motion, that, on computing 
the quantities of powder collected from different 
charges, one of tne committee was led to conjec- 
ture, that, what was" thus collected, was only 
parts of grains, that had been fired ; but were ex- 
tinguished by the blast, before they were entirely 
consumed. This conjecture is strengthened by the 
extreme minuteness of the particles of all thepow-» 
der, which was collected, and from the deficiency 
of the saltpetre found in it on examination : it may 
be added too, that the author, by gradually heating 
a parcel of powder, hath set it on fipe,. and blown 
it out again, for at least a' dozen tiines successive-r ■ 

ly; 
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ly ; and he will undertake to repeat the experiment 
at any time, if it should be doubted of. 

The postulates, hitherto discussed, arc prcpara- 
toiy to the 7th proposition. That proposition is 
euiployed in computing the velocity, which would 
be communicated to a bullet in a given piece by a 
given charge of powder, on the principles hitherto 
laid down ; that is, supposing the elasticity of fired 
powder to be at first 1000 times greater than that 
of common air. 

In the ninth proposition these computations are 
compared with a great number of experiment^, 
made in barrels of various lengths, from seven 
inches to forty-five inches, and with different quai)- 
tities of powder, fwm 6 dwt. to 36 ; and the coin- 
cidence between the theory and these exj)eriments 
is very singular, and such as occurs in but few 
philosophical subjects of so complicated a nature. 

By this agreement between the theory and the 
experiments, each part of the theory is separately 
confirmed; for by firing different quantities of 
powder in the same piece, and in the same cavity, 
it appears, that the velocities of the bullet, thence 
arismg, are extremely near the subduplicate pro- 
portion of those quantities of powder, and this in- 
dependent of the length of the piece : whence it is 
confirmed, that the elasticity of fired powder in 
various circumstances, is nearly as its density; and 
this does not only succeed i^i small quantities of 
powder, and in small pieces, but in the largest 
likewise, under proper restrictions ; at least tnero 
are experiments, which could not be influenced by 
this theory, where the quantities of powder were 
above 100 times greater, than what are used by 
this author ; and in these trials this circumstance 
takes place to sufficient exactness. 

It is presumed then, that by this theory a near 
estimate may be always made of the velocities com- 
municated to shells or bullets by given charges of 

powder; 
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powder ; at least these experiments evince, how 
truly the velocities of small bullets are hereby asr 
signed ; and the autlior can shew by the experi- 
ments of others, that in a shell of thirteen inches 
diameter, impelled by a full charge of powder, the 
same principle nearly holds : it is true indeed, that 
when the charge is much smaller than the usual 
allotment of powder, there are some irregularities, 
which are' particularly mentioned at the end of the 
9th proposition, to which head too, perhaps, must 
be referred .the experiments made by the committee 
on the effect .of different small chambers : but in 
the customary charges, the velocities of bullets 
resulting from all the experiments hitherto made, 
are really such, as the theory laid down in the 
preceding part of this treatise requires. And it 
appears, that these velocities are much greater, 
than what they have been hitherto accounted: and 
there are reasons from the theory to believe, that 
in cannon-shot the velocites may. still exceed the 
present computation. 

The ascertaining the force of powder, and 
thence the velocities of bullets impelled by its ex- 
plosion, and the assigning a method of truly de- 
termining their actual velocities from experiments, 
are points, from whence every necessary principle 
in tne formation or management of artillery may 
be easily deduced : considering, therefore, the in- 
finite import of a well-ordered artillery to every 
state, the author flatters himself, that whatever 
judgment may be formed of his success in these 
inquiries, he will not be denied the merit of having 
employed his thoughts and industry on a subject, 
which, though of a most scientific nature, and of 
the greatest consequence to the public, hath been 
hitherto almost totally neglected ; or, at least, so 
• supierficially considered, as to be left in a much 
more imperfect state than many other philosophi- 
cal researches. ^ 
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With regard to the second chapter of this trea- 
tise, relating to the resistance of tne air, the author 
has in his preface, mentioned his intention of an- 
nexing to it a series of experiments, on the real 
track of hullets,' i^s modulated by that resistance : 
and therefore, as he proposes to complete those 
experiments this summer; unless unforeseen acci- 
dents prevent him ; he chuses to postpone any ac- 
count of the subject of the second chapter, till that 
time ; when he intends to lay the result of those 
experiments before this Society, in order that 
any exceptions or difficulties relating to them, may 
be examined and discussed, before they are pub- 
lished to the world. 

*^^ According to what Mr. Robins has said 
aiove, fie composed the five following tracts^ 
xvhich arc 7iowJirst printed from his manuscript. 
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RESISTANCE OF THE AIR. 

1 HAT all bodies moving through the air have 
their motions in some degree impeded by the re- 
sistance of that medium, is what, I presume, no 
person, however slightly acquainted with philoso- 
phical enquiries, will deny. But that the quantity 
of this retardation is so great, as to render it ne- 
cessary to be considered in the determination of 
the ranges of all kinds of miUtary projectiles, hath 
been often and vehemently denied. And this not 
so much by practitioners {whose opinions, though 
extremely inaccurate, have perhaps oil this occa- 
sion been^ too much slighted) as by persons well 
skilled in mathematical learning, who have written 
professedly of the motions of projectiles, and whjose 
treatises on this subject are generally esteemed and 
assented to. For, if it were necessaiy, a large ca- 
talogue of geometers of note might be here pro- 
duced, who have asserted, in their works, that, in 
the operation of gunnery, the resistance of the 
air was too minute to merit attention. And I do 
not remember, that any author has formally or 
expressly contradicted this position; whatever may 
in general bexroncluded, from wha;t some of them 
have at times advanced as to the law^ observed by 
resisted bodies. Indeed (not to dwell longer on 
this point) I may venture to affirm, that it is now 
the almost universal opinion of those, who have 
studied the doctrine of projectiles from the trea- 
tises, which have hitherto been pubhshed thereon : 
'' That all shells and bullets in their flight do near- 

'Mv 
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" ly describe the curve of a parabola ; and coiise- 
*'quently, that the resistance of the air to the mo- 
" tion of these bodies is altogether inconsiderable.*' 

The prejudices, then, of many persons, whose 
reputations for knowledge weigh much with man- 
kind, being thus contradictory to what I know to 
be fact, both from reiterated experiments of my 
own, and from geometrical deductions founded on 
the unquestioned experiments of others ; it is high- 
ly necessary to remove, in the most unexception- 
able manner, these false positions, authoiized by 
great names, and confirmed by the prescription of 
near an age. For, till this is done, all attempts to ' 
compleat the theory and practice of gunnery must 
necessarily be iueft'ectual ; since, as I am fully sa- 
tisfied, that the resistance of the air is almost thk- 
only source of the numerous difticulties, which 
have hitherto embarrassed that science ; it is evi- 
dent, that till the reality and efficacy of this resist- 
ance is once established, it will be impossible to 
procure a candid hearing to any discoveries that 
may de]>cnd thereon, l)ut, on the contrary, every 
speculationof tl)is kind will be treated iis ridicu- 
lous and chimerical. 

To succeed then, in this necessary preliminary, 
I shall advance the two following propositions,' 

Firsiy That the resistance of the air to a t\v6\ve 
pound iron bullet, moving with a velocity of 25 
feet in a second, is not less than half an ounce 
avoirdupois. 

Second, That this resistance is nearly in the du- 

Elicate pr6])orli()n of the velocity of the resisted 
ody ; that is, that it is four times as much, when 
the resisted body moves with twice the velocity; 
nine times as nuich, when it moves with three 
times the velocity, and so on. 

These propositions may be deduced from the ex- 
periments recited in the 8th section of the 2d book 
of Sir Isaac Newton's Principia. But to remove 

aU 
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ail doubt about them, and to prevent all future ex- 
ceptions ; I do not choose to rely upon any autho- 
rity whatever, but I propose to repeat to this so- 
ciety some experiments of my own, which will 
evince the truth of them by obvious and ocular 
demonstrations. 

Indeed, with respect to the second of these pro- 
positions, it is true, that in great changes of velo- 
city there is some variation from the rule here laid 
down; but this is a variation, that will on the 
whol^ increase, and hot diminish the resistance!— • 
And it is to be remembered, that I -am not now 
nicely assigning the laws observed by this resist- 
ance in the most rigid and accurate sense ; but am 
endeavouring, from a more lax and genersd idea of 
its efficacy, to evince the necessity of its being 
considered in the future theory of projectiles. 

As I have often repeated the experiments, which 
I immediately intended to produce to the society, 
in proof of these propositions, I have no doubt of. 
their success; I shall therefore for an instant sup- 
pose, that they have succeeded, and that the law 
of the air*s resistance and its efforts against a 1 2lb. 
shot, moving with a velocity of 25 feet in a se- 
cond, is thereby determined to be, what I have 
above assigned j and from hence it will follow, that 
to a velocity of 100 feet in a second (that is 4 
times 25) the resistance of the air to the same shot 
is not less than 16 half ounces, or half a pound 
avoirdupois, and, proceeding on, we shall find, that 
^ to a velocity of 500 feet in a second, it is not less 
than 12lb.t J and to a velocity of 1000 feet in a 
second, not less than 50lb. and to a velocity of 
1700 feet in a second, not less than 144lb.4- : and 
this last velocity of 1700 feet in a second not be- 
ing very distant from that, with which a twelve 
pound shot is discharged from a cannon, and the 
number 144lb.4- being very near 12 times 12; it 
follows, that the resistance of the air to a lalh. 
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shot, wbeu fired with its usual charge of powder, 
is not less than 1 2 times its own weight. . Now 
that the motion of this 1)ody can be rightly assign* 
ed from the consideration of its gravity and origi- 
nal velocity only, whilst a disturbing force, not 
less than 1 2 times its gravity, is utterly neglected, 
is a position so obviously absurd, that i flatter 
myself when the experiments, which I am now 
goipg to repeat*, are attentively weighed, the re- 
ality and efficacy of the air's resistance will be no 
longer doubted, nor the necessity of considering it 
in almost all the opemtions of gunnery, any longer 
contested. And tliese points being once established, - 
I propose, in some future papers, to recount the 
changes which will hence arise in the motions of 
shells and bullets; and to exhibit a method of 
computation adapted to the real circumstances of 
projectiles resisted by the air, which, though truly 
representing the actual motions of dicse bodies, is 
yet, in many instances, as easy and as concise as 
the erroneous computations founded on the para« 
bolic hypothesis. 

^ Tho experiments exhibited upon this occasion arc hereafter 
described in the first part of tlic third paper. 
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Together with the Method of computing the 
^Motions of Bodies projected tn that Medium. 

As I have not yet heard, that any objections 
have beeii made to the conclusiveness of the ex^ 
penmen ts by which I endeavoured, at the last 
meeting of the society, to evince the extraordinary 
effort of the air's resistance against shells and bul* 
lets discharged with their usual celerities ; I should 
hope, that, what I have asserted on that head in 
my last paper, may be allowed to be demonstrated ; 
and that I mav now proceed to the examination of 
the effects of tnjs resistance, without being accused 
of employing my speculations on a power that had 
no existence. 

After the expgriments I have shewn to this so- 
ciety, it may, perhaps, appear strange, that the 
persuasion of the minuteness of the air's resistance 
could so long take place, when the m^ans of con- 
futing this persuasion lay so near at hand ; and 
were in a great measure to be deduced from the 
common laws of resistance, long since established. 
The most natural reason, I can think of, for this 
want of attention, was the impossibility of com- 
puting the motions of projectifcs on the supposi* 
tion of a sensible resistance. It is well known, 
that the motion of a body projected in any angle 
with the horizon, and resisted in the duplicate pro- 
portion of its velocity, was not considered by Sir 
Isaac Nexvton in his Principia. It is true^ Mt, 

Ma Jolfva. 
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John Bernoulli did some years since determine, 
how by, the quadrature of certain curves this mo« 
tion might be assigned. But those, who are ac- 
quainted with his solution, well know, that those 
curves are not reducible to the common terms of 
quadratures ; and, consequently, that no computa- 
tion can be founded thereon ; at least nothing of 
that kind has yet been published*. Now whilst 
tl)e description of the real track described by a 
projectile continued thus impracticable, a mathe- 
matician might, perhaps, have thought it beneath 
him to have asserted, that the resistance of the air 
produced great changes in the motion of pro- 
jected bodies, without having it in his power to 
assign the quantity of those chatiges. 

But as 1 have, for some time past, made many 
experiments myself on the ranges of bullets, ancl 
have Collected all that 1 could meet with made by 
other persons ; it was necessary, in order to exa- 
mine the several hypotheses of resistance, which 
some of these experiments suggested, tliat I should 
be enabled to compute the motions of resisted bo- 
dies, not only when they were resisted in the du- 
plicate proportion of their velocity ; but likewise 
when the law of resistance was varied by other 
rules not hitherto supposed by any writer. And, 
in these investigations, I had the good fortune to 
discover some compendious approximations, which 
weix^ as accurate, as the nature of the subject re- 
quired, and were as easy in their application, as I 

could 

* The learned commentators upon Sir Isaac Newton*$ Prind- 
pia, in their comment printed at Geneva in the year 1740, avow 
this truth ; for, having given Bernoulli's solution of this problem, 
uiul dlscussod it at large, they add, ^^ Ex qmbuB tnamifetftum sH 
*^ rtva* trajccturicc (icscn])twnem adco perfiexam esscy ut exitta 
'^ tit qtiitiqaam ml it^ius philosoplncos ant niechanicos accommada* 
^^ turn possit dtduci,^^ Tliat is, ^' The description of the currei 
^^ in which a projectile moves, is so very perplexed,. that it can 
^' be scarcely expected, any deduction (should be thence made, 
*^ u'hich may be adapted either to philosophical or mechanical , 
'^ purposes." Vide vol. 2, p. 118. 
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co4ild well hope for in so perplexed and intricate a 
matter ; and though many of these methods appear 
now to be useless, as I have found several of the 
laws of resistance, which they were fitted to exa- 
mine, to be fictitious : yet, as some of these com-* 
pendiums are applicable to the real motions of pro- 
jected bodiesj 1 shall insert such of them, as from 
their general fofm are the soonest described and 
the easiest to be remembered, and which are suffi- 
cient for computing the motions of shells and bul- 
lets in* every practical operation of gunnery. But 
first it is necessary to examine what is the real, law 
of resistance of bodies moving through tlie air. 

I have already mentioned, that,; in very great 
changes of velocity, the resistance does not accu- 
rately follow the duplicate proportion, pf the velo- 
city. But how much this variation amounts to, 
aad how it is adapted to the diflPerent velocities of 
the resisted body, it is not easy nicely to ascertain. 

However, by comparing together a great number ' 
of experiments ; 1 am of opinion, that till a more, 
accurate theory of these changes is completed, the 
two following positions may be assumed without 
any remarkable error. 

Firsts That till the velocity of the projectile 
surpasses that of 1100 feet in ^ secpn^rl, the resist-^ 
ance may be estdemed to be iu the duplicate pro- 
portion of the velocity ; and its mean quantity may 
be taken to be nearly the same with that, I have 
assigned in the former paper*. , , 

Secondy 

♦ These suppositions are not nearly correct. In fact, by more " 
accurate experiments witli cannon-balls, it appears that the law 
of the resistance begins to increase above the ratio of the square 
of the velocity, from the very slowest motions, and thence goe^ 
on increasing gradually more and more above what is at^igoed 
by that ratio, till we arrive at the velocity of 1600 or 1700 fept 
per second, where it is at the greatest, amounting in that maxi- 
mum state to only 2,^ times tlie quantity resulting from the ra- 
tio of ih» square of the velocity. And at the velocity of IIQQ 
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Second, That if the velocity be greater tjian that 
of 1 1 or 1 200 feet in a second, tlien the absolute 
quantity of that resistance in these greater veloci- 
ties will be near three times as great, as it should 
be by a comparison with the smaller velocities*.— 
For instance, the resistance of a 12 pound shot, 
moving with a velocity of 1700 feet in a second, 
instead of 144lb.4, which I have assigned it in a 
former paper, will be now three times that quanti- 
ty, or 433lb.4:. 

Hence then it appears, that, if a projectile be- 
gins to move with a velocity less than that of 11 00 
feet in I*'; its whole motion may be supposed to be 
* considered on the hypothesis of a resistance in the 
duplicate ratio of the velocity. And, if it begins 
to move with a velocity greater than this last 
mentioned, yet if the first part of its motion, till 
its velocity be reduced to near 1 100 feet in l*", be 
considered separately from the remaining part, in 
which the velocitv is less than 1 100 feet in T, it is 
e\ndent, that both parts may be truly assigned on 

the 

feet, instead of answering to that Jaw, it amounts to 1.80 times 
the sam^. In short, the rule cannot be rednood to two cases 
onlj, as here supposed, but must have a different rate for erery 
different yelocitj, according to the numbers in table 2 of my 
Dictionary, toI. 2, p. 365. H. 

* As I haye forbore to mix any hypothesis with the plain mat* 
ters of fact deduced from experiment, I did not therefore ani- 
madyert on this remarkable circumstance, that the velocity, at 
which the moving body shifts its resistance, is nearly the samoi 
with which sound is propagated through the air. Indeed, if the 
treble resistance 'in the greater velocities is owing to a vacuum 
being left behind the resisted body, it is not unreasonable to sup- 
pose, that the celerity of sound is the very least degree of celc. 
rity, with which a projectile can form this vacuum, and can in 
some sort avoid the pressure of the atmosphere on its hinder 
parts. It may perhaps confirm this conjecture to observe, that^ 
if a bullet, moving with the celerity of sound^ does really leave a 
vacuum behind It, the pressure of the atmosphere on its fore part 
Is a force about three tiroes as great as its resistance, compnted 
by the laws observed in slow motions^ But the exact manDer^ 
' in which the greater and lesser resistances shift into each otfaer^ 
must be the subject of farther experimental enquiries. 
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he same hypothesis, only the absolute quantity of 
the resistance is three times greater in the first part 
than in the last. Wherefore if the motion of a pro- 
jectile on the hypothesis of a resistance in the du- 
'plicate ratio of the velocity be truly and generally 
assigned, the actual motions of resisted bodies may 
be thereby determined, notwithstanding the in- 
creased resistances in the great velocities. And, 
to avoid the division of the motion into two, I 
shall hereafter shew how to compute the whdle at 
one operation with little* more trouble, than if ho 
such increased resistance took, place. 

To avoid frequent circumlocutions, the distance, 
to which ^ny projectile would range in a vacuum 
on the horizontal plain at 45® of elevation, I shall 
call the potential random of that projectile. 

And tne distance to which the projectile would 
rai^ge in a vacuum on the horizontal plain at any 
angle different from 45^ I shall call the potential 
range of the projectile range at that angle. 

And the distance to which a projectile teally 
Hinges, I shall call its actual range. 

If the velocity, with which a projectile be^ns to 
move, is known ; its potential random and its po- 
tential range at any given angle are easily determin- 
ed from the common theory of projectiles :* or; 

more 

* The method of computing the potential random from the 
Tinown velocity of the projectile is thus. Find out by the theory 
of falling bodies, what height the projectile must fall fromtd' 
acqoife tiie gi?en velocity, then twice this height is the potential 
random sought. 

EXAMPLE. 

Let the given velocity of the projcctife be that of 1000 feet ' 
m 1"; then, since it is known, that a heavy body in falling 16 
feet 1 inch, acquires a velocity of 32 feet 2 inches in 1", and 
-the spaces fell through arc in a duplicate proportion of the ve- 
locities acquired by the fall ; it follows, that the descent for 

M 4 acqairinQ[ 
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more generally, if eitlier its original velocity, its 
potential random, or its potential range, a,t a given- 
angle are known, the other two are easily ^und 
out. 

To facilitate the computation, of resisted bodies 
it is necessary, in the consideration of each resisted 
body, to assign a certain quantity, which I shall 
denominate F, adapted to the resistance of that 
particular projectile. To find this quantity F to 
any projectile given, we may proceed thus ; first 
find, from the principles delivered in the former 
paper, with what velocity the projectile must move^ 
so that its resistance may be equal to its gravity. 
Then the height, from whence a body niust^ descend 
in a vacuum to acquire this velocity, is the magni- 
tude of F sought. But the concisest way of find- 
ing this quantity F to any shell or bullet is this : 
if it be of solid iron, multiply its diameter mea- 
sured in inches by 300, the product will be the tnajz-* 
nitude of F expressed in yards. If, instead of a ' 
solid iron bullet, it is a shell or a bullet of some other 
substance ; then, as the specific gravity of iron is 
to the specific gravity of; the shell or bullet given, 
so is the F corresponding to an iron bullet of the 
same diameter, to the proper F for the shell or 
bullet given. The quantity F b^ing thus as- 
signed, the necessary computations of these resisted 
motions may be dispatched by the .th|ee following 
propositions, always remembering that these p]^Q{>P- 
sitions proceed on the hypothesis of the resistance! 

being 

1000* 
acquiring a velocity of 1000 feet in a secocd is-^7T'=15M4 

feety which, doubled, gives 31088 feet or 10363 yards for the, 
potential random sought. And,- in. the samp manner, if the 
potential random be given, the velocity of the projectile may bo 
found. For the number of feet, or half the potential randomy 
multiplied by 64y, and ihe square root of the product extracted^ 
that root will express the feet the projectile moves in a second* 
HoweveR| shorter methods of solving thcsiB cases, and what arc' 
sufficiently exact for our purpose, will be explained in the 4tli 
paper hereafter inserted. 
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being in the duplicate proportion of the velocity of 
the resisted body. How to apply this principle, 
when the velocity is so great, as to have its resist- 
ance augmented beyond this rate, shall be shewn 
in a corollary to be annexed tO'the first proposition. 

PROP. L 

Given the actual range of a given shell or bullet 
at any small angle not exceeding ^° or 10°, to de- 
termine its potential range, and consequently its 
potential random and original velocity. 

SOLUTION, 

Let the actual range given be divided by the F 
corresponding to the given projectile, and find the 
quote in the first column of the annexed table. 
Then the corresponding number in the second co- 
lumn multiphecj into F, will be the potential range 
sought ; and thence, by the methods already Ex- 
plained, the potential random, and the original 
velocity of the projectile is given. 
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2,4 
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0,8964 
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0,75 
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2,5 
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4,25 
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0,8 
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2,55 
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4,3 
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0,85 
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2,6 
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4,35 
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0,9 


1,2436 


2,65 
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4,4 
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0,95 
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3,05 
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3,1 
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1,4 
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3,15 
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52,4040 


1,45 


2,5008 


3,2 


12,7078 


4,95 
5,0 


54,6363 
56,9653 
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EXAMPLES. 

An eighteen :poQnder, the diameter of whose shot 
is about 5 inches, when loaded with 2lb. of jpowder 
ranged at an elevation of 3® 30' to the distance of 
975 yards. 

The t corresponding to this bullet is 1500 yards, 
and the quote of the actual range by this number 
is 65y corresponding to which in the second column 
is ,817, whence ,817 F, or 1285 yards, is the po- 
tential range sought, and this augmented in the 
ratio of the sine of twice the angle of elevation to 
the radius, gives 10050 yards for the potential 
random ; whence it will be found, that the velocity 
of this projectile was that of 984 feet in a second. 

COROLLARY 1st 

If the converse of this proposition be desired; 
that is, if the potential range in a small angle be 
given, and thence the actual range besought; this 
may be solved with the same facility by the same 
table. For if the given potential range be divided 
by its correspondent F, then, opposite to the quote 
sought in the second column, there will be found 
in me first column a, number, which multiplied . 
into F will give the actual range required. And 
from hence it follows, that, if the actual range be 
given at one angle, it may be found at every other 
angle not exceeding 8^ or 10^ 

COROLLARY Sd. 

\ 

If the actual range at a given small angle bd 
given, and another actual range be given, to which 
the angle is sought ; this will be determined by 
finding the potential ranges corresponding to 
the .two given actual ranges ; then the angle 
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corresponding to one of these potential ranges 
being known, the angle corresponding to tne 
other will be found by the common theory of 
projectiles. 

COROLLARY 3d. 

If the potential random reduced from the actual 
range by this proposition exceeds 1 3000 yarfls ; then 
the original velocity of the projectile was so great 
as to be affected by the treble resistance described 
above; and consequently the real potential random 
will be greater than what is here determined . How- 
ever, in this cjise the true potential random may be 
thus nearly assigned. Take a 4th continued pro- 
portional to 13000 yards, and the potential random 
found by this proposition, and the 4th proportional 
thus found,may be assumed for the true potential ran- 
dom sought. In like manner, when the true potential 
random is given greater than 13000 yards, we must 
take two mean proportionals between 13000 and 
this random :* and the first of these mean propor- 
tionals must be assumed instead of the random 
given, in every operation described in these pro- 
positions and their corollaries. And this method 
will nearly allow for the increased resistance in 
large velocities, the difference only amounting to 
a few minutes in the angle of direction of the pro- 
jected body, which, provided that angle exceeds 
two or .three degrees, is usually scarce worth at- 
tending to. 

Of this process take the following example. 

A twenty-four pounder fired with twelve poimds 
of powder, when elevated at 7° 1 5', ranged about 
2500 yards; here the F being near '1700 yards, the 
quote to be sought in the first coltimn is 147, to 

which 

• 

* It may perhaps be unnecessary to observe, that the openu 
tioDs directed in this corollary arc best performed by the talUe 
pf logarithms. 
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which the number cqiresponding in the second co- 
lumn is 2,556; whence the potential range is near 
4350 yards, and the potential random thence re- 
sulting 17400; but this being more than 13000, 
^e must, to get the true potential random, take a 
4th continued proportional to 13000 and 17400, 
and this 4th proportional, which is^ abput 3 1 000 
yards, is to be esteemed the true pro tential random 
sought ; whenpe the velocity is nearly that bf 1730 
feet in a second. 

SCHOLIUM, 

This propbsition is confined to small angles, not 
exceeding 8® or ip°, for reasons, which will be seen 
hereafter, when I give the demonstration of this 
and the ensuing problems. A subject, which be- 
ing purely geometrical, I chuse to discuss in a 
small tract by itself. In all possible cases of prac- 
tice, this approximation, tnus limited, \yill not 
differ from the most rigorous solution by so much, 
as what will often intervene from the variation of 
the density of the atmosphere in a few hours time; 
so that the errors of the approximation are much 
short 'of other inevitable errors, which arise from 
the nature of this subject. 

PROP. 11. 

' Given the actual range of a given shell or bujiet, 
at any angle not exceeding 45^, to determine its 
potential range at the same angle ; and thence its 
potential random and original velocity. 

SOLUTION. 

Diminish the JF corresponding to the shell or . 
bullet given in the proportion of the radius to the 
cosine of t of the angle of elevation. Then, by 

1 me^w^ 
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means of the preceding table, operate with this 
duced F in the same manner as is prescribed in the 
solution of the last proposition, and the result will 
be the potential ran^e sought ; whence the poten*- 
tiai random, and uie original velocity, ere easUy 
determined. 

EXAMPLE. 

A mortar for sea-service, charged with 30lb. of 
powder, has sometimes thrown its shell of ISi inches 
diameter, and of 2311b. weight, to the distance of 2 
miles or 3450 yards. This at an elevation of 45^ 

The F to this shell, if it were solid, is 3825 yards; 
but as the shell is only 4 of a solid globe, the true 
F is no more than SO6O yards. This, diminished in 
the ratio of the radius to the cosine of i of the 
angle of elevation, becomes 2544. The quote of 
the potential range by this diminished F is 1,384» 
which sought in the finst column of the preceding 
table, gives 2,280 for the corresponding number 
in the second column ; and this multiplied into the 
reduced F, produces 5800 yards for the potential 
range sought; which, as the an^le of elevation 
was 45^, is also the potential random : and hence 
the original velocity of this shell appears to be that 
of about 748 feet in a second. 

COROLLARY. 

The converse of this proposition, that is, the de- 
termination of the actual range from the potential 
range given, is easily deduced from hence, by 
means of the quote of the potential range divided 
by the reduced F ; for this quote searched out in 
the second column will give a corresponding num- 
ber in the first column, which multiplied into the 
reduced F, will, be the actual range sought. 

Also, if the potential random of a proiectile be 
given, or its actual range at a given angle of ele^* 

vation ; 



OF GUNNERY. l^i 

vation; its a>ctual range at any other angle of ele* 
vation^ not greater than 45% may hence be known. 
For 'the potential random will assign the potential 
range at any given angle, and thence, by the me- 
thod ^ of this corollary, the actual range may bz 
found. 

EXAMPLE. 

A fit nxusquet bullet fired from a piece of the 
standard dimensions, with -J- of its weight in good 
powder, acquires' a velocity of near yoo feet in a 
second ; that is, it has a potential random of near 
8400 yards. If now the actual range of this ballet 
at 15° was sought, we must proceed thus. 

From the given potential random it follows, that 
the potential range at 15° is 4200 yards, the dia- 
meter of the bullet is i of an inch, and thence, as: 
it is of lead, its proper F is 337,5 yards,, which, 
reduced in the ratio of the radius to tlie cosine of |. 
of 15°, becomes 331 yards. The quote of 4200 
by this number is 12,7 nefiriy, which, being sought 
in the second column, gives 3,2 nearly for the cor- . 
responding number in the first column ; and this 
multiplied into 331 yards (the reduced F) makes 
1059 yards for the actual range sought. 

EXAMPLE IL 

The same bullet, fired with its whole weight in 
powder, acquires a velocity of about 2100 feet in 
a second, to which there corresponds a potential 
random of about 45700 yards. But this number 
greatly exceeding 1 3000 yards, it must be reduced 
by the method described in the third corollary of 
the first proposition, when it becomes 197OO yards.. 
If now tne actual range of this bullet at 15° was 
required, we shall from h^nce find, that the poten- 
tial range at 15° is 9850 yards^ which, divided by 
t&e re4tt^ F of the, last example^; gives for a 

. * 1 Q^^X^ 
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quote. 2975 ; and thence, following the steps pre- 
scribed above, the actual range of this bullet 
conies out 1 396 yards, exceeding the former range 
by no more than 337 yards ; whereas the differ- 
ence between the two potential ranges is above 
ten miles. Of such prodigious efficacy is the re- 
sistance of the air, which hath been hitherto treat- 
ed as too insignificant a power to be attended to 
in laying down the theory of projectiles. 

SCHOLIUM. 

The demonstration of the methods I have hi 
therto explained, for computing the motions of 
resisted bodies, I propose to refer to the geome- 
trical part ; where the principles and Umits of these 
approximations will be discussed. But I must 
here observe, that as the density of the atmosphere 
perpetually varies, increasing and diminishing 
often by -^ part, and sometimes more, in a few 
hours ; for that reason I have not been over rigo- 
rous in forming these rules, but have considered 
them as sufficiently exact, when the errors of the 
approximation do not exceed the inequalities, which 
would take place by a change of -5^ part in the 
density of the atmosphere. With this restriction, 
the rules of this proposition may be safely applied 
in all possible cases of practice. That is to say, 
they will exhibit the true motions of all kinds of 
shells, and cannon-shot, as far as 45° of elevation, 
and of all musket-bullets fired with their largest 
customiry charges, if not elevated more than 30^ 
Indeed, if experiments are made with extraordi- 
nary quantities of powder, producing potential' 
randoms greatly surpassing tne usual rate ; then 
in large angles some farther modifications may be 
necessary. And though, as these cases are beyond 
the limits of all practice, it may be thought unne* 
cessary to consider them; yet, to enable those 

who 
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who are so dkpbsed, to examine these uncommon 
cases ; I shall here insert a proposition, which will 
determine the actual motion of a projectile at 45% , 
how enormous soever itsr original- velocity may be. 
But as this proposition will rather relate to specu- 
lative than practical qascs, instead of supposing 
the actual fangc known, thence to assign the po- 
tential random, I shalluowsupposethe potential 
random given; and the actual range to be thence 
investigated. - 

PROP. III. 

Given the potential random of a given shell or 
Jbullet; to determine its actual range at 45^ 

SOLUTION. 

Divide the given potential random by the ^ cor- 
responding to the shell or bullet given, and call ^ 
the quotient q, and let 1 be the difference between 
the tabular logarithms of 25 and of q, the iQga* 
rithm of 10 being supposed , unity ; then the actual 

range, sought is 3,4 F + 2lF — — F, where the dou- 

ble sign of 2lF is to be thus understood ; that if q 
be less than 25, it must be — 2iF ; if it be greater, 
. then it must be + 2lF. In this solution q may be 
any number not less than 3, nor more than 2500* 

COROLLARY. 

Computing in the manner here laid down^ we 
shall find the relation between the potential ran- 
doms, and the actual range at 45^ within the li^ 
mits of this proposition, to be as expressed in the 

following table. 

N Potential 
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Potential Random. Actual Range ^t 45^ 

3 F 1,5 F 

6 F . 3,1 F 

10 F 2,6 F 

20 F 3,2 F 

30 F . 3,6 F 

40 F ■. 3,8 F 

50 F 4,0 F 

100 F — .4,6 F 

200 F 5,1 F 

500 F ' — 5,8 F 

1000 F 6,4 F 

2500 F ■ 7,0 F 

Whence it appears, that, when the potential ran- 
dom is increased from 3F to 2500F, the actual 
range is only increased from l-J- F to 7 F ; so that 
an increase of 2457F in the potential random, pro- 
duces no greater an increase in the actual range 
than 54- F, which is not its -^ part ; and this will 
again be greatly diminished on account of die in- 
creased resistance, which takes place in great velo- 
cities. So extraordinary are the effects of this re- 
sistance, which we have* been hitherto taught to 
regard as inconsiderable. 

That the justness of the approximations laid 
down in the 2d and 3d propositions may be easier 
examined ; I shall conclude these computations by 
inserting a table of the actual ranges at 45® of a 
projectile, which is resisted in the duplicate propor- 
•tion of its velocity. This table is computed by 
methods different from those^ hitherto describee!, 
and is sufficiently exact to serve as a standard, with 
which the result of our other rules may be compared.. 
And since whatever errors occur in the application 
of the preceding propositions, they will.be most 
sensible at 45® of elevation, it follows, that hereby 
the utmost limits of those errors may be assigned. 

Potential 
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Potential Randoms. Actual Range at 45^ 

,1 F ,0963 F 

,25 F • ,2282 F 

,5 F ,4203 F 

,75 F ,5868 P 

1,0 F ,7323 F 

1,25 F ,860 F 

1,5 F — ,978 F 

1,75 F 1,083 F 

2,0 F — ^ l,ir9 F 

2,5 F 1,349 F 

3,0 F 1,495 F 

3,5 F 1,624 F 

4^0 F 1,738 F 

4,5 F 1,840. P 

5,0 F 1,930 F 

5,5 F 2,015 . F 

6,0 F ^ 2,097 F 

6,5 F -^ — -^- 2,169 F 

7,0 P ■ ■— 2,237 F 

7,5 P 2,300 F 

8,0- F 2,359 F 

8,5 F 2,414 F 

.9,0 F 2,467 F 

9,5 P , — ■ 2,51! .P 

iO,0 F 2,564 F 

11,0 F . 2,651 F 

13,0 F 2,804 . F 

15,0 F ■ 2,9.17 F 

20,0 F , -i 3,196 F 

25.0 p 3,396 F 

30,0 F ^ 3,557 F ■ 

40,0 P 3,809 P 

50,0 F r- 3,998 F , 

Tliu^I have dbpatclied all I thought necessary 

to insert in this paper, relating to the computa-. 

tions of -the actual motions of shells and hullets. It 

might now perhaps be espected, that I should ex- 

N 3 ^ emplify 
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emplify these rules Iry applying them to theexami* 
nation of a number of experiments made with va- 
rious kinds of artillery at different angles. But 
besides the doctrine of the air's resistance, to which 
this paper hath been hitherto confined ; the theory, 
which I have undertaken to establish, conbirts of 
another branch not less important : I mean the 
consideration of the action of fired powder, and 
the assigning from thence the velocity and poten- 
tial random of a given bullet impelled by a given 
cliarge. As therefore the experiments, I shallhere- 
after produce, Are adapted to the confirmation of 
both branches of the theory; thextiscussion of them 
must be of course postponed, till the doctrine of 
the action of powder be explained. And that is 
too copious a subject to be confined within the li- 
mits of this paper; especially too as it is extreme- 
ly necessary, before any other steps are taken on 
the present subject, to explain distinctly the irre- 
gularities, which frequently occur in the flight of 
projectiles, and which divert them so wonderfully 
from their assigned track. This, though hitherto 
unobserved, is a matter of very great import in the 
theory of the motions of military projectile! And 
I shall here endeavour to discuss it with as much 
conciseness as 1 can. 

Almost every projectile, besides the forces we 
have hitherto considered, that is, its gravitation, 
and that resistance of the air which cfirectly op- 
poses its motion, is affected by a third force, which 
acts obliquely to its motion, and in a variable di- 
rection ; ancf which consequently deflects the pro- 
jectile from its regular track, and from the vertical 
plane, m which it began to move; impelling it 
sometimes to one side, and sometimes to the other, 
occasioning thereby very great inequalities in the 
repented ranges of the same piece^ though eapoh 
time loaded and pointed in the same manner; and 
this force operating thus irregularly I conceire.to 

1 be 
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be the principal source of all that rnicertaxBty and 
confusion in the art of gunnery, which hath hi- 
therto been usu^ly ascribed to the difference of 
powder. The reality of this force, and the cause 
which produces it^ will, I hope, appear from the 
following oonsideratipns. 

It will easily be granted, I suppose, that no shell 
or bullet can be discharged from the pieces gene»» 
rally in ixse, without rubbing against their sides^ 
and thereby acquiring a whirling Amotion, as well 
as a pmgressive one^ And as this whirl will in one 
part of its revolution conspire in some degree with 
the progressive motion, and in another part be 
equally opposed to it ; the resistance of the air on 
the fore part of the bullet will be hcneby affected^ 
and ivill be increased in that part where iihc whir** 
ling motion conspires with the progressive, and 
diminished where it is opposed to it. And by tiii s 
means the whole »eiFprt of the resistance, instead 
of being in a direction opposite to the direction ^ 
the body, will become oblique thereto^ and will 
produqp those eflfects we have already mentioned. 
If it was possible to predict the position of the 
axi^ round which thie; bullet sl^ouid whirl, and if 
that axis was unchangeable during the whole flight 
of the bullet, then the abberration of the bullet by 
this oblique force would be in a •given direction, 
and the incurvation produced thereby would re^ 
gularly extend the same way^ from one end of its 
track to the other. For instance, if the axis of 
the whirl was perpendicular to the horizon ; then 
the incurvation would be to the right or left If 
that axis were horizontal and perpendicular totkd 
direction of the bullet; then the incurvation would 
be upwards or downwards But a^s the first posi^ 
tion of this axis is uncertain, ' and as it may perpeU 
tually shift in the coui«e of £he bullet^: flight, the 
deviation of the bullet is not necessarily either in 
9XIG certain directioo^ nor tending to the san^side 

N3 «^ 
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^n one part of its track that it does in another, but 
it more usually is continually changing the ten- 
dency of its deflection, as the axis, round which it 
whirls, must frequently shift its position to the pro- 
gressive motion by many inevitable accidents. 

That a bullet, generally acquires such a rotatory 
motion, as I have here described, and that these 
irregulatities are the necessary consequences of such • 
a rotation, is, I think, demonstrable. However, 
as m these novel assertions, I would leave no room 
for doubt or dispute, I propose first to shew to 
the society, by an obvious experiment*, tliat thtf 
direction of a ball will be sensibly dianged by 
compounding its progressive motion with a rcvolv- 
ing one, although both these motions, and conse- 
quently their effects, are prodigiously short of what- 
must necessarily take place in military projeotiles j 
and I next propose to exhibit to any gentlemeni 
who will honour me with their company, an ocular 
proof of the deflection of musket bullets, even in 
the small interval of 60, 70, or 100 yards. It is 
true, in larger intervals these inequalities are much 
more considerable; for I have seen a bullet in a 
range of 700 yards deviate above 100 yards ftora 
its direction. ' But as proper ground sufficient for 
these extended trials is not to be met with in the 
neighbourhood of London^ I hope the experiment^ 
I shall n\ake in a shorter space, as they will evince 
the reality of these deflections, will procure belief 
to ather experiments where they have been much 
greater. What methods are necessary for the 
avoiding of these divarications, I may. perhaps 
treat of in the course of some future 'papers on tne 
subject, of gunnery. ' 

I sh^ll only add, that, as it may be imagmed, 
that the effects of the oblique resistance, I 'have 
here described, can be nicely ascertained by the 

* ( . • commoti 

> 

* This experiment, with all thb others mentlohcd in this aii4 
the next paragraph, are described in the foUowin ^ paper* 
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commori established ckictrine of the action of fluids 
on a surface placed oblique to their motions : I 
must therefore observe (to prevent any persons from 
wasting their time in so fruitless an examination) 
that all the positions hitherto laid down by any 
author whatever, about the comparative resistances 
of oblique surfaces, aie most egregiously erroneous. 
It would too. much Enlarge the present paper to 
demonstrate this iii every instance .; I shall there- 
fore content myself with exhibiting one experi- 
ment, which, if properly weighed, will, I believe, 
render that trouble unnecessary. In this experi- . 
ment I shall shew, that two equal surfaces, each 
of them meeting the air with the* same degree of 
obliquity,^ are yet s6\ differently resisted, that 
though in one the resistance be less than that of^a 
perpendicular surface meeting the same quantity 
of air, yet in the other it is greater. But on this 
important subject (the complbating of which is 
absolutely necessary to the establishing the trii;? 
theory of ship-building and sailing) I hope to be 
more explicit hereafter. 

N4. No. Ill, 
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No. III. 

■ 

I 

An Account of the Experiments^ relating to 

the Resistance of the Air^ exhibited at dif^ 

ferent, Times before the Royal Sodety^ in 

. the Year 1746. 

X ?^ the latter end of the last summer, I delivered in 
two papers to the society on the resistance of tlw 
air : the first endeavouring to demonstrate the very 
great effects thereby produced in the motion of at 
ihost every military projectile, and consequently 
the necessity of considering it in all speculations 
upon the subject of gunnery ; the other contain* 
ing a more accurate and minute explication of the 
laws observed by this resistance, together with 
rules for computing the actual ranges of projectiles 
as influencedf and regulated thereby. And, to 
compleat this subject, there was inserted, in this 
last paper, a description of an extraordinary and 
hitherto unsuspected irregularity, to which these 
motions are liable ; with a discussion of the causes 
of the disturbing force, by which it is brought 
about. And hence occasion was taken to add, in 
the conclusion, some very paradoxical assertions 
relating to the difference, that is found in the re- 
sistance of the air to the same oblique surface, only 
by varying of such circumstances as have hitherto 
been supposed to have no connexion with that re- 
sistance. 

The propositions advanced in these papers, be-. 
ing most of them directly contrary to tne opinions 
generally received on this subject; their proof de- 
pended on certain experiments, whick I had my- 
self 
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«elf frequjently repeated, and whichi upon this oc- 
casion, I exhibited to the society. And as they 
v^ete often reiterated before numbers of the mem* 
bers, and always with sufficient success ; I think 
it incumbent on me to describe the machines and 
methods made use of on this occasion, together 
with an account of the nature and events of the 
trials thus exhibited, ' For I conceive a narration 
of this kind, corroborated by the recollection of 
those gentlemen who were then present, will be a 
much stronger confirmation of the principles, I ad- 
vance, than the result of any experiments, which 
depended merely on my own relation. For my 
single evidence might perhaps be considered as 
tH-ecarious ; as I might at least be suspected of be- 
ing biassed towards those novel doctrines, of which 
I profess myself in some degree the invehtor. 

To begin then with this narration, it is neces* 
sary to mention, that, in the first paper delivered 
to the society, I asserted the two following projpo- 
aitions : 

First J " That the resistance of the air to a 1 2lh. 
" iron bullet, moving with a velocity of 25 feet in 
^* a second, is not less than half an ounce avoirdu- 
^^pois." 

Secondly/, " That the resistance of the air, 
" within certain Hmits, is nearly in the duplicate 
*' proportion of the velocity of flje resisted body.** 

These propositions are in themselves neither un- 
known nor doubtful ; but yet, as they are the ba- 
sis of some other assertion?, which have been hi- 
therto constantly contested and denied ; I thought 
it requisite to evince their veracity by more un- 
questioned and simpler methods, thaii have been 
hitherto practised : for this purpose, I therefore 
caused a machine to be made of the form repre- 
sented in the annexed drawing*, which was most 
excellently executed under the direction of Mr, 

* Plate IL Kg, I. 
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Ellicotj and was completely fitted for the use in- 
tended by many contrivances, some of them not 
contained in the drawing, nor necessary to be par- 
ticularized in this .place. For^it is sufficient, for 
the purpose of the following experiments, to des- 
cribe its general fobric, by observing that BCDE 
is a brass barrel moveable on.itsaxis, andLso adjust- 
ed by means of friction wheels, which are not re- 
. presented in the drawing, as to have no friction 
worth attending to. The frame, in which this 
barrel is fixed, is so placed, that its axis may be 
perpendicular to the horhzon. ^ The axis itself is^ 
continued above the upper plate of the frame, and 
has fastened on it a light hollow cone AFG ; from 
the lower part of this cone there is extended a long 
arm of wood GH, which is very thin, and cut 
feather-edged, and at its extremity there is a coni-' 
trivance for fixing pn the body, whose resistance 
is to be investigated (as here the globe. P) and,' to 
prevent the arm GH from swayingout of its hori- 
zontal position by the weight of the annexed body 
P, there is a brace AH of fine wire fastened to 
the top of the cone, which supports the end of th6 
arm. . " " 

Round the barrel BCDE there is wound a finfe 
silk line, the turns of which appear in thefigufe, 
and after this line hath taken a sufficient nunibei: 
of turns, it is conducted nearly horizontally to thfe 
pully L, over which it is passed, and then a proper 
weight M is hung to it^ extremity. If tiiis weight 
be left at liberty, it is obvious, that it will descend 
by its own gravity, and \vill by its descent turn, 
round the barrel BCDE, together with the arm 
GH and the body P fastened to it. Ai)d whilst 
the resistance ou the arm Gn.and on the body P 
is less than the weight M, that weight will accelC'* 
rate its motion, and thereby the motion ofGH 
and P will increase, and consequently, their resist'^ 
Since will increase, till at last this resistance and 

. tlie 
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the weight M become nearly equal to each other- 
The motion with which M descends,; and with ^ 
which the body P revolves, will not sensibly dif- 
fer from an equable one. Whence it is not diificult 
to conceive, that by proper observations made 
with this machine. The resistance of the body P 
may be determined, the most natural method of 
proceeding in this investigation is as follows. Let 
the machine have . first acquired its equable mo- 
tion (which, as will hereafter appear, will be usu- 
ally attained in five or six turns from the begin- 
ning) and thea let it be obsefved, by counting a 
number of turns, what *time is taken up by one 
revolution of the body P ; then taking off the body 
P and the ' weight M[ let it be examined, what 
smaller weight, will make the arm GH revolve in 
the same time, as when P was fixed to it ; this 
smaller weight being taken from M, the remain- 
der is obviously equal in effort to the resistance of 
the ^revolving body P; and this remainder being 
reduced in the ratio of the length of the, arm to the 
3emidiameter of the barrel, will then become equal 
to the absolute quantity of the resistance. And as 
the time of one revolution is known, and conse- 
quently the velocity of the revolving body ; there 
is thereby discovered, the absolute quantity of the 
jeaistance to the given body P, moving with a 
given degree ol* celerity. ^ 

And note, that to avoid all exceptions^ I have 
generally chose, when the body P was removed, to 
fix in its stead a thin piece pf- lead of the same 
weight, placjsd horizontally ; so that the weight, 
which was to turn round the.arm GH without the 
body P, did also Canry round this piece of lead. 
This I did, lest it should be objected, that the 
body P retarded the weight M by ita quantity of 
matter, as well as by its resistance. But mathe- 
maticians will easily. allow, that there was no ne- 
cessity for this prfccautiQii, 
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The measures of the parts of this machme were, 
as follows ; 

xnckcs* 

The diameter of the barrel BCDE and of 
the silk string wound round it was S,06 

The length of the arm GH measured from 
the axis to the surface of the globe P was 4^5 

The body P, the globe made use of was 
of pasteboard, its surface very neatly coated 
with marble paper. It was not much dis- 
tant from the size of a ISilb.. shot; being in 
diameter ? A,S 

So that the radius.of the circle described 
by the centre of the globe wias 51,76 

When this globe was fixed at the end of theanA^ 
and a weight of half a pound ivas hung at the end 
of the string at M ; it was examined, how sooil 
the motion of the desceiiding weight M^ and of 
the revolving globe. P, would become equable. all 
to sense^ And with this view three revolutiona 
being suffered to elapse, it was found,, that 

The next 10 were performed in S7*t 

20 in less than 55 

30 in Bii 

So that the first. 10 were performed in HTv 

2d 10 in . 27 T 

3d 10 in 27i 

These experiments sufficiently evince, that even 
with half a pound, the smallest weight hereafter 
used, the motion of the machine was sufficiently 
equable after the first three revolutions. 

And now to prove the two forementioned prot 
positions, the following experiments were made i 
the times marked down being observed by several 
stop-watches, which rarely diftfered half a secood 
from each other. 

The forementioned globe being fixed at the end 
of the arm, there was hung on in the situation M a 
weight of 3lb.7, and 10 re volution^ being suffered 

to 
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to eUpse, the succeeding 20 were performed in 

Then the elobe being taken off, and a thin plate 
of lead, equri to it in weight, placed in its room ; it 
was found, that, instead of Sib.T, a weight of lib. 
would make it revolve in less time, than it did 
before, it performing 20 revolutions, after 10 wera 
elapsed, in the spao6 of ip seconds. 

Hence then it follows, that from the 3lb.T first 
hung on, there is less than llbi to be deducted for 
the resistance on the arnl, and consequently the 
resistance on the globe itself is not less than the 
effort of 2lb.^ in the situation M ; and it appear- 
ing from the former measures, th&t the radius of 
the barrel is nearly ^V part of the radius of the cir- 
cle described by the centre of the globe; it follows, 
that the absolute resistance of the globe, when it 
revolves 20 times in 9,Vi (which, if computed by 
the measures given above, comes out a velocity of 
^bout 29t feet in a second) it follows, I say, that 
the resistance of the globe in this case is not less 
than the ^V part of 2lb.T, or than the -fV patt of 36 
ounces : ana this being considerably more than 
half an ounce, and the globe being nearly the size 
of a 12 pounder; it irrefragably confirms our first 
proposition, ^* That the resistance of the air to a 
** 12lb. iron bullet, moving with a velocity of 25 
** feet in a second, is not less than half an ounce 
^* avordupois." 

The next experiments were made with a view 
of examining the 2d proposition. And for this 
purpose there were successivelyhungonin the si- 
tuation M weights in the proportion of the num- 
bers 1, 4, 9, 16; and letting 10 revolutions first 
^lapse, the observations on those that follow, were 
^s under. 

With lib. the globe went 20 turns in 54"^^ 

that IS, it went * 10 turns in 27^ 

With 2lb. it went 20 turns in 274 

With 
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With 41b.;. it went 30 turns in 27'^- 

With 8lb. it went 40 tunw in 27 4* 

So that it appears, that to resistances pf the pro- 
portions of the numbers 1, 4» ft 16> there corres- ' 
pond velocities of the resisted body in the propor- 
tion of the nunjbers 1, 2, 3, 4, which proves with 
great nicety, within the limits of these experi- 
ments, the second proposition contained in our 
first paper/ " That the resistance of the air is 
** nearly in the duphcate proportion of the velocity 
" of the, resisted body. That is, it is four times as 
" much when the resisted body moves with twice. 
" the velocity; nine times as much, when it moves. 
^^ with three times the velocity, and so on." 

These were the experiments exhibited to evince 
the assertions contained in the first paper, and. 
these having been shewn at different times to num- 
bers of the society, without any exceptions being 
made thereto, that I have yet heard of; they were 
taken for granted in my second paper, and consi- 
dered as a full confirmation of what I had before 
advanced. 

The second paper, though principally employed, 
in giving rules for the computation of the motions, 
of military projectiles, as modulated by the resist- 
ance of the air, did yet;, in the latter part of it, 
contain some observatioils relating to the hitherto 
unheeded effects produced by this resistance ; for 
its action is not solely employed in retarding the 
motions of projectiles, but some part of it exerted 
in deflecting them from their course, and in twjst- ' 
ing them in all kinds of directioAS from their regu- 
lar track ; this is a doctrine, which, notwithstand- 
ing its prodigious import to the .present subject^ 
hath been hitherto entirely unknown, or unattend- 
ed to ; and therefore the experiments, by which I 
have confirmed it, merit, I conceive, a particular 
description ; as they are themselves too of, a very 
singular kind. 

The 
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The basis of this doctrine, which I have explain- 
ed at large at the end of my second paperj but 
which it is necessary to describe in a few words in 
this place, is this ; that almost all bullets receive a 
whirling motion by rubbing against the sides of 
the pieces, they are discharged from ; and that this 
whivling motion of the bullet occasions it to strike 
the air obliquely, and thereby produces a resistance, 
which is oblique to the track of the bullet, and 
consequently perpetually defl^icts it from its course. 
The first experiment, exhibited on this occasion; 
was to evince, that the whirling motion of a balV 
combining. with its progressive motion, would pro- 
duce such an oblique resistance and deflective 
power^ as is herein mentioned. For this purpdse, 
a wooden ball, 4i inches diameter, \?as suspended 
by a double string about eight or nine feet long. 
Now by turning round the ball, and t\nsting the 
double string, the ball, when left to itself, would 
have a revolving motion given it from the unt\vist- 
ing of the string again. And if, when the string 
was twisted, the ball was dra^vn a considerable 
distance from the perpendicular, and there let go ; 
it would at first, before it had acquired its revolv- 
ing motion, vibrate steadily enough in the same 
vertical plane, in which it first began to move ; 
but when, by the untwisting of the string, it had 
acquired a sufficient degree of its whirling motion, 
it constantly deflected on the right or left of its 
first track ; and sometimes proceed|?d so far, as to 
have its directipn at right angles to that, in which 
it began its motion ; and this deviation was not 
produced by the action of the string itself, but 
^sippeared to be entirely owing to the resistance be- 
ing greater on the one part of the leading, surface 
of the globe than on the other. For the deviation 
^3o'ntinued when the string was totally untwisted, 
«.nd even during the time that the string, by the 
:x'notion the globe. had received, was twistingthe 
' ■ 1 cowvc^x^ 
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contratry way. And it was always easy to pre- 
dict, before the ball was let go^ which way it 
would deflect, only by considering on which side 
the whirl would be combined with the progressive 
motion; for on that side always the deflecting 
power acted ; as the resistance was greater here, 
than on the side where the whirl and progr^sive 
motion were opposed to each other. 

This experiment is an incontestible proof, that; 
if any bullet, besides its progressive motion, hath 
a whirl round its axis ; it will be deflected in the 
manner here described. And as it is scarcely pos- 
sible to suppose, but that every bullet, discharged 
from the pieces now in common use, must receive 
such a wnirl from its friction against the sides of 
the piece ; the proposition might perhaps be safely 
rested on this single experiment. But not to leave 
an^ thing doubtful in a subject liable to so much 
contestation; I undertook to evince, by an 
ocular proof, the reality of this deflection in mus- 

3uet-bullets, even in so short an interval as ahun- 
red yards. And these experiments having suc- 
ceeded to the general satisfaction of those who 
honoured me with their company ; I shall here de-* 
scribe, as briefly as I can, the manner in which they 
were tried, and tlie conclusions resulting from them* 
As all prmectiles in their flight are acted on by 
the power of gravity, the deflexion of a bullet from 
its primary direction, supposes that deflexion to be 
upwards or downwards in a vertical plane ; be- 
cause, in the vertical plane, the action of gravitf 
is compounded and entangled with the ddlectlve 
force. And for this reason, my experiments have 
been principally directed to the examination of 
that deflexion, which carries the bullet to the 
right or left of the vertical plane, in which it be- 
gan to move. For if it appears at any time, that 
the bullet has shifted from that vertical plane, in 
which its mo^on began ; this will be an mcontes- 

table 
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table confirmation of what we asserted* Since no 
other power but that unequal resistance, which we 
here insist on, can occasion a body in motion to 
deviate from the vertical plane, in which it has 
once moved. 

Now by means of screens of exceeding thin pa- 
per,^laced parallel to each other at proper dis- 
tan^s, this deflection in question may be many 
ways, investigated. For by firing bullets which 
shall traverse these scfeeps, the flight of the bullet 
may b^ traced out j and it may easily appear, whe- 
ther they do or do not keep invariably to one Ver- 
tical plane. This examination may proceed on 
three different principles, which I shall here sepa- 
rately explain. 

For first an exact vertical plane may be traced 
out upon all these screens, by which the deviation 
of any single bullet may be more readily inves^i- - 
gated, only by measuring the horizontal distance 
of its trace from the vertical plane thus dehnciated, 
and by this means the absolute quantity of its 
aberratio^i may be known. 

Or if the description of such a verical plane 
should be esteemed a matter of difficulty and 
nicety, a second method may be followed, which 
fs that qf resting the piece in some fixed notqh or 
socket so that though the piece may have some 
little play to the. right and left, yet all the linesi^ 
in which the bullet can de directed, shall intersect 
each other in the center of that fixed socket ; by 
this means, if two different shot are fiied from 
the piece thus situated, the horizontal distances 
6f the traces made by the two bulletSi on any, two 
screens, ought to be in the same prpportian tQ 
each other, as die respective distances of these 
screens > from the socket, in which the piece wa3 
laid. And if these horizontal distances differ from 
that proportion ; then it is certain, that one .of 
these shot at least hath deviated fr,om a vertical 
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plane, although the absolute quantity "of that de- 
viation cannot be hence assigned ; because it cUn- 
liot be known, what part of it. is to be imputed to 
one bullet, and what to the other. 

But if the constant aiid invariable position of 
the notch or socket, in which the piece was placed, 
be thought too hard an hypothesis in this #ery 
nice stffair; the third method, and which is the 
simplest* of all, requires no more than, that two 
shot be fired through three screens, without any 
regard to the position of the piece each timt. For, 
in this case, if the shots diverge from each otber^ 
Arid both keep to a vertical plane ; then if the ho- 
rizontal distances of their traces on the first screen 
be taken from, the like horizontal distances on the 
second and third, the two remainders will be in 
the same proportion with the distances of the Se- 
cond and third screen from the fii^st. And if they 
are not in this proportion, then it will be certain, 
that one of them at least hath been deflected from 
the vertical plane ; though here, as in the last in- 
stance, the quantity of that deflexion in each w^I 
not be known. 

All these three methods I have myself made use 
of at different times; and have ever found the 
success agreeable to my expectation. But what 
I thought the most eligible for the experiments, 
which I proposed to shew to the society, was a 
compound of the two last, and the apparatus was 
as follows : 

On ■, being the first day appointed for these 
trials, the weatlier was unfavourable, and the ex- 
periments on that account moi'c confused than 
c6uld have been wished, though they were far from 
iricbhclusive. But on the next Thursday two 
screens were set up in the lai-ge walk in the Char- 
ter-house garden ; the first of them at 250 feet dis- 
tance from the wall (which was to serve for a third 
screen) and the second two hundred feet from the 

' 1 same 



OF GUNNERY. 211 

ame wall. And at fifty feet before tlie first screen, 
or at SOO feet from the wall, there wa% placed a 
large block, weighing about 2001b. weight, and 
having fixed into it an iron bkr with a socket at 
its extremity, in which the piece was to be laid. 
The piece itself was of a common length, and was 
bonid for an ounce ball. *It was each time loaded 
with a ball of 17 to the pound, (so that the win- 
dage was extremely small) and with a i o( ^H 
ounce of good powder. The spreens were made 
of the thinnest issue paper; and the re«istattce, 
they gave to the bullet (and consequently their 
probability of deflectingit) was so small, th^t a 
bullet lighting one time near the extremity of 
one of the screens, left a fine thin fragment of it 
towards the edgeentire, which was so very weak, 
that it appeared difficult to handle it without break- 
ing. These things thus prepared, five shot were 
made with the piece rested ^ in the notch described 
above; and the horizontal distances between the 
first shot, which was taken as a standard, and the 
four succeeding ones, both on the first and second 
screen, and on the wall, measured in inches, were 
as follows: 

2d screen. wall 
3,15 R 16,7 R 
15,6 L 69,^ L 
4,5 L 15,0 L 
5,1 L 19,0 L 
Here the letter? R and L denote, that the shot 
in question went either to the right or left of the 
first , , 

If the position of the socket^ in which the pieoi 
was placed, be supposed fixed, (attd I presume no 
person thtn preseM conceived, duiing these *ritfl$, 
that it could : possibly vary the Ipth of an itich 
from its first situation) then tliehorizontat dis- 
tances, measured above on the Istiftnd 2d stitecn, 
and on the wall, ought to be in the pro^ottvow <^^ 

2 ^^^^ 





Ut screen. 


1 to 2 


1,75 R 


3 


10, T. 


4 


1,25 L 


5 


2,15 L 
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the distances, of the 1st screen, the 2cl. screen, and 
the wall, from the socket. But, by only looking 
over these numbers ; it appears, that none of them^ 
are in that proportion. The horizontal distance 
of the 1st and 3d (for instance) on the wall being 
above 9 inches more, than it should be by this 
analogy. 

If, without supposing the invariable position of 
the socket, we examine the comparative horizontal 
distances according to the third method described 
above; we shall in this case discover divarications 
still more extraordinary. For by the numbers set 
down it appears, that the horizontal distances of 
the 2d and 3d shot on the two screens, and on the 
wall, are as under : 

1st screen 2d screen wall 

11,75 * 18,75 85,95 

Here, ii] according to the rule given above, the 
distance on the first screen be taken from the dis- 
tances on the other two, the remainder will be 7, 
and 74,2 ; and these numbers, if each shot kept to 
a vertical plane, ought ^ to be in the proportion of 
1 to 5, that being the proportion of the distances 
of the second screen, and of the wall from the first 
But the last number 74,2 exceeds what it ought 
to be by this analogy, by 39,2. So that betweeii 
them there is a deviation from the vertical plan6 
of above 39 inches; and this too in a transit of 
little more than 80 yards. 

But further, to shew that these irregularities do 
not depend upon any accidental circumstances of 
the ball's fitting or not fitting the piece, there were 
five shots m'ore inade with the same quantity of 
powder as before; but with smaller .bullets,, wnich 
ran much looser in the piece. And the horizontal 
distances being pleasured in inches from the trace 
of the first buSet to each of the. succeeding ones;, 
the numbers were as follow ; • 

Istscreeti 
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• 1st screen 2d screen wall 

lto2^ 15,6 R 31,1 R 94,0 R 

3 6,4 L 12,75 L 23,0 L 

4 4,7 R 8,5 R 15,5 R 

5 12,6 R 24,0 R 63,5 R 

• Hefre again, on* the supposed -fixed position of 
the piece,: the horizontal distance on the wall, be- 
tween the first and third, will be found to be above 

15 inches Ifess, than it should be, if each kept to k 
vertical plane. And like irregularities^ ' mough 
smaller^^ occur, in every other experiment. 'And if 
they are examined according to the third method 
set down -above; and ihe horizontal distances 'of 
the third and fourth, for instance, are compared^ 
these on the first and second screen, and on the wall, 
appear to be thus ; 

1st screen 2d screen Wall 

11,1 21,25 38,5 

And if the horizontal distance on the first screen 
be taken from the other two, the remainders will 
,be 10jl5 and 27,4; where the least of them, in- 
stead of being five times the fir^t, as it ought to 
be, is 23,35 snort of it. ^ So that 'here there i^ a 
deviation of above 23 inches. . 
^ From all these experiments the deflexion^ in 
question seems to be incontestably evinced. But 
to give some farther light to this subject, I took a 
barrel of the same bore with that hitherto used ; 
and bent it at about thrbe« of four inches fvom its 
muzzle to tlie left, the bericT making an angle^of 
3° or 4° with the axis of the piece. - Thii piecel, 
thus bent, wasfired with a loose ball, andthesafti'e 
quantity of powder liitherto used,' the screerts^-df 
th6 last experiment being still continued. It was 
natural to expect, that If this piece was pointed 
by the general direction of its axis} 'the ball would 
be canted to the left of that directton-by the beftd 
near its mouth. But as the bullet, in passing 
through that bent part, would >a;& 1 coxxmNe^^^^ ; 

' 3 ^o\^^^ 
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forced to roll upon the right*hand side of the bar- 
rel!, and thereby tlie left side of the bflUet would : 
turn up against the air, and would increase the 
resistance on that side; I pi-edicted to the com- 
pany then present, that if the a:f(is, on which the 
buUet whirled, did not shift it^ position after it 
was Separated from the piece, then, uotwitlistandr 
iug the bend of the piece to the left, the bullet it- g 
self might be expected to incurvate towards the 
right; and ithis, upon trinl, did most remarkably 
happen. . Fpr one of. the bullets fired from this 
bent piece, ; passed through the first screen about 
14- inch distant from the trace of one of the shot 
fire4 from the straight piece in the last set of ex* 
periments. On the second scrten the traces of the 
same bullets were about three inches distant, the 
bullet from the crooked piece passing on both 
screens to the If ft of the other ; but comparing 
the places 0!|f thet»e bullets, on the wall, it appeiarea, 
that the bullet from the crooked piece, though it 
diverg'ed from the track of the other on the twQ 
screens, had now crossed that track, and was de-^ 
fleeted considejrably to the right of it: so that it 
was obvious, that, though the bullet from the 
crooked piece might at first be canted to the left, ' 
and had diverged from the track of the other buj- 
Iet», with. which it was compared, .yet by degrees 
it deviated again to the right, and a little beyond 
the secpnd screen crossed that track, from which 
jt before diverged ; and on tlie wall was deflected 
14 inches, as I remember, on the contraiy aide. 
And this ejiperiment is not only the most couvinc-* 
ing proof of the reality of this deflexion here coa-» 
tended for ; but is hkewise the strongest cbnfir^ 
mation, that it is brought about in the very maa- 
ner, and by the : very circumstances, which we 
have all along described. 

These were the e;xperiments exhibited for the 

establishing of thi3 new doctrine, and which, 

being 
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being performed in this public manner, and sp ge- 
perally acquiesced in by those whp were present, 
will, I hope, secure me from the harsh and male- 
volent censures, which propounders of new opini- 
pi^s are generally expbsed to. This doctrine is, I 
confessj: of so extensive an influence, and destroys 
such a multitude of theories, projects, and cpnclu- 
sions, with which the modern writers 6n the ^rt of 
gunnery have abounded, that it will not be aflmit-? 
tfifl but with the g^reiatest cautiop and difficulty : 
but after tlie success .of th^ experiments hext re- 
cited (apd they bear but a very small proportion to 
those, I V.ave myself tried oj^ the $ame occasion) it 
will not be e^sy, I cpuceiye, to urge apy exceptions 
against it, that $halj have the air of validity. . And 
I think, I am so much master of this subject, as tp 
fipdertakc: the rrCfutation of whatever, pbjeqtipns 
shall be hereafter started upon this head., I have 
only now to add, that, as I suspected, the consi* 
deration of the revolving motipn of the bullet, 
compounded with its progressive motiop^ might .bf 
considered as a subject of mathetoatical specular 
tion, and that the reality of any deflecting "force, 
thence arising, might perhaps be denied by,somp 
cpmpatists upon the principles hitherto received, of 
tjie action of fluids: to prevent a too hasty discus- 
sion of this kind, 1 thought proper to annex a few 
experiments, Avith a view pt evincing the Strang 
'deficiency of all theories of this sort hithert9 e&t^r 
Wished, and the unexpected ajpd \y.onderfui varies 
ties, which occur in these Anattjer^. ." The prpptosi- 
tion which I advanced fpr. this purpose beipg, tli^t 
two equal surfaces n^eftting the air with the, same 
degree of obliquity, may bp 3P..differepLj:ly resisted, 
that, though in. one of iJiein the reisistance is less 
than that pf a perpeudipular surf;aic^ mcetiog the 
same quantity pf air, yet in the other it shall be 
considerably greater. . ... . ' '. 

Tp ipake out this proposition, I ,made use of the 

4 
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machine described in the first part of this paper, 
and having prepared a pasteboard pyramid, whose 
base was font inches scjuarc, and whose planes 
made angles of 45® with the plane of its base ; and 
also a parallelogram, four inches in breadth and 
5^ in length, which was equal to the surface of 
the pyramid. The globe P was taken oflFfrom the 
macnine, and the pyramid was first fixed on ; and 
gib. being hung at M, and the pyramid so fitted 
as to move witn its vertex farM'ards, it performed 
20 revolutions, after the first 10 were elap.^ed, in. 
33^ 

Then the pyramid being turned so that its base, 
which was a plane of four inches square, wciit 
foremost ; it now performed 20 revolutions with 
the same weight in 38^-4. 

After this, taking off the pyramid, and fixing on 
the parallelogram with its longer side perpenmcu- 
lar to' the. arm, and placing its surface in an angle 
of 45*^ with the horizon by a quadrant, the paral- 
lelogram with the same weight pcrfbmied 20 revor. 
lutions in 43"!-. 

Now here this parallelogram and the surface of 
the pyramid arc equal to each other, and each of 
them' met the air in an angle of 45°, and yet one " 
of them macde 20 revolutions in 33^, whilst the 
other tobk up 43"4- And at the same time it ap- 
pears, that a flat surface (as the base of a pyramid) 
which meets the same quantity of air peipendicu-' 
larly; makes 20 revolutions in 38"-?, which is the 
medium between the other two ; whence the pro-, 
position advanced above is evinced. 

But to give another proof of this principle, 
which is still simpler; there was taken a parallelo- 
gram 4 inches broad and 8+- long ; tliis being fixed 
at the end of the arm, with its longer ^ide perpen- 
dicular thereto, and being placed in an' angle of 
45° with the horizon, there was a weight' hung on 
St M of 3lb.4, with whiclji the paraUelograift inade 
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QOitrevolutipns in 40*!^. But after this the position 
of the parallelogram was shifted, and it was placed 
with its shorter side perpendicular to ' the arm, 
though \J:s surface was still inclined to an angle of. 
45^ with the horizon.- And now, instead of going 
slower, as might be expected, from the greater ex- 
tent of part of its surface from the axis of-the ma- 
chine, it went round mutli faster. For in this last 
situation, it made 20 revolutions in 35"i ; so that 
here were 5" diflFerence in the time of 20 revolu^ 
tions, and this from no other change of circum- 
stailce, than as the larger or shorter side of the ob- 
liqi^e plane was perpendicular to the line of its di- 

' , rection, Astothecauseof thisextraprdinaryinc^qua- 
lity ; it is not my business at present to enlarge, nor 
have I indeed as yet completed all the experiments, 

. I have projected on this subjects However, thus 
far inay be easily concluded, that all the theories of 
resistance hitherto established, are extremely de- 
fective, apd that it is only by experiments analo- 
gous tcT^ those here recited, that thjs important 
subject can ever be completed: I say important 
subject; for surely a mattefr, on the right know- 
ledge of which all true speculations on ship-build«- 
ing and sailing must necessarily depend, cannot 
but be deemed, in this country at least, of the 
highest importance, both to the public interest of 
the nation, and to the general benefit of mankind. 
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'Of the Force of Jired Giinpozcder^ together 
mill the 'Coihpujlation of the VelQciti^s 
thereby cowmwfiQated to MiUUiry Projccr 
files. . • 

Ari,Lf that hatl) hccn hitherto said in the prececU 
iug pifi>p]fs, hq-.tli principally related tcf jthcj resistance 
yf j;h(3 air, and its effects upon thie mptions of'mi-. 
litary projectjile;^. , Kut the theory of gunneiy in- < 
clvulcs in it IjIije; knowledge of anAtlK*r mattfr TiQ"t\> 
jess iniport^at; I jnean the theory of the action of 
fired powdcf} and the determination of tlie veloci- 
ties coaiinunjpatcd. to hullets by its explo>siojp. 

And this last subject I hav^* formerly frcated 
yury fiinj)ly ; and as, by all the experiments I have 
si^icenuide, I llpd no reason toi:hayjgc my opipjon 
in any essential point, I sliall here iijisert^the sub-, 
stance of this doctri^ie in as concjse p. mja.nncr as J 
can^ togethjcr with some ruU-s dednccd fropj it fpf 
i^ompytiwg th.e original velocities of bulletjs. A,ud 
jtlAis^irticlc bping dispatdicd, I sbal(, u} ^, future 

[)aper, pfocccd tq examine how far the n)ojtionis of 
uillets assigned by the two theories^ I litave deJi- 
vere4, (that of the impulse of the powder, and 
that of the action of tlic air's resistance) are con- 
formable to the experiments, which have been made 
in different places on the flight of shells and can- 
non-shot. It is true, very few of these experi- 
ments have been conducted with due attention, or 
have been instituted with proj)er views. Howe- 
ver, as I have collected every thing of this kind, 
that hath at any time fallen in my way, and, as I 
ccmceive, the comparison even of the most irregu- 
lar experiments with the theory will be far from 
disgracing it ; I flatter myself, that tins examine* 

, • tion 
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tion will Xi^l be totally void either of curiosity or 
utility. And, with iTgaW to the present paper, I 
shall only mention, *^that all the propositions I am 
going to insert, on t|j^ action of fired powder, I 
propose to demonstraife by ^an Experimental pro- 
cess, whenever a convenient season will permit me 
to exhibit it before the society. 

V ^ PROP. I. 

Gunpowder fired in any space, acts nearly in 
tiie same manner, 'as a quantity of air would do, 
^ivhici^ was condensed a thousand times mare than 
£he common air we breathe ; and which, in that 
condensed state,, filled the same space, that was 
taken up by the unfired powder. . ^ ^ 

Thflf proof of this proposition depends on various 
experiments, made on the velocities: of bullets, at 
their first issuing from the piece. It is true, that 
different kinds of powder act with different degrees 
of force f but we suppose the powder hefe meant to 
be made by the government standard. I must ad|l, 
too, that some varieties will take place in this pro.- 
position, according to the different quantity of 
powder made use of, and the manner in which it 
is placed. However, none of these things are of 
moment enough to be attended to in' the forming 
a general theory ; though they may hereafter, in a 
proper place, merit a morfe particular discussion. 

PROP. II, 

Hence it follows, that the pressure of the pow- 
der on the bullet, grows perpetually weaker and 
weaker, as the bullet is farther impelled before it. 

For as the bullet is impelled forwards, the in- 
flamed powder takes yp moi* room ; and conse- 
quently its elasticity is diminished. So that, for 
instance, if the charge of piowder in a twenty-rfour 
.pounder takes up one &ot of the cylinder, before 
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it is fired, and the wliolc Icuf^th of the cylinder be 
nine fcct ; then when the bullet arrives at the 
mouth of the piece, the powder ^.extends through 
nine times the space, it did at firsts and conse- 
quently exerts but -J- of its original pressures g,nd 
the longer the piece iS in proportion to the extent 
of the charge, the more is the action of the powd^ 
diminished. * 

PROR III. 

'' Though the velocity of the bullet const^tly in- 
a'eascs by the pressure of the powder, yet its ac* 
cclcration, in passing through a given space, ^ow$< 
continually less and less, as it approaches the moutfi 
of the piece ; and this on a twofold account. For 
both the pressure of the powder decreases in the 
manner described in tire last proposition, aCnd the 
velocity acquired by the bullet renders the action 
of that plessure,'in ])assing through a*given space, 
less cflicacious; for the faster the bullet moves, the 
less it is obviously accelerated, in passinj^through 
a, given space, by the pressure of thepbwcler, which 
follows it, 

PROP. IV. 

If tlK* same piece be fired successively with dif- 
ferent charges of powder, the pressure of these 
diflfcrcnt charges upon the bullet, in any gfvea 
part of the barrel, is nearly in proportion to th^ 
quantity in each charge. 

This follows from the analogy established in the 
first proposition, between the action of powder and 
the action of condensed air ; for it is well known, 
that the elasticity of air inclosed in ^ given space 
is in proi)ortion to its quantitj^ 

PROP. v. 

From the last j>rop08ition it follows, that if with 
Uitterent charges tlie buUet or .shell be always 

placed 
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placcj^ in the^same part of the barrel (as is the case 
in mortarsj then the colif ctive^^ressure of various 
charges will be as their quantities of powder; ancl 
to this collective liressure the square of the velocity 
'of the bullet will be pf oportional* But if the bul- 
let be pl^aced home upon the powcler, so that with 
a smaller charge it h nearer the breech than with, a 
l^get ; in this case the collective pressure of the 
smaller charge will be somewhat more than in pro- 
portion to itswquantity ; for it^ill act through a 
longer spade tnan the larger charge; and in this 
^ditiona;l space, . as it lies contiguous to the first 
inflampiation, the' action will be most violent. But 
it must be remembered, that if the disproportion 
of the charges is very great, the action of the 
smaller quantity, from causes I have formerly 
mentioned, may be so f^r diminished, that the 
« last-mentioned advantage may not take place. 

SCHOLIUM. 

from these principles all the various effects, that 
can arise from varying the quantity of the charge, 
the length of the piece, or the density of the bullet, 
may be geometrically determined ; and hence all 
the chimerical notions, which have long obtained, 
in relation to. these particulars,^ are easily confuted. 
Tor in^tancie, it is presumed by the greatest paut 
of the practitioners in artillery, that thete is one 
certain charge for every piece, which will commu- 
nicate, to the bullet a greatei' velocity than any 
other charge either exceeding it or falling short of 
it ; and many trials have bqen instituted for the 
disco v«ery of this important maximum : and some 
professors of note have^ lately pretended to aSsigu 
this charge, telling us, thit in heavy cannon, . it is 
about f of the bullet in powder,' and iia smaller 
pieces about one half of the weight of the bullet in 
tpowder. But .geometers well know, that in the 

foregoing 
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foregoing principles every augmentation of powder 
will increase the velocity of the bullet, unless ^e' 
ch'krge be so great as to fill up about 4 of the cy- 
linder; then indeed an addition to the charge may • 
diminish the velocity of the bullet, Kut the quan^ 
tity of powder thus assigped will in the slxortest 
cannon amount to rnore, than is ever allotted for 
any operation of gunnery : for in a 24 poun'aer% 
will be considerably more than 30 pound. 

Again, practitioners have generally supposed, 
that in each species of cannon there was a certain 
length, which communicated to the bullet iired 
from it a greater velocity, than could be commu- 
nicated by either a shorter or longer. piece: but 
from the propositions inserted above it appears, 
that this is a most groundless prejudice ; notwith- 
standing the numerous trials, which have been in- 
stituted for its cfonfirmation and investigation. 
For, by attentively considering the preceding 3d 
proposition, it appears, that if two pieces of the 
same bore, but of different lengths, are charged 
with the same quantity of powder; the longer 
piece will, rigidly speaking, communicate the 
greater velocity to the bullet However, unless 
tlieir lengths are extremtly disproportioned, the 
velocities of their respective bullets will differ but 
little : for instance, if a musket barrel of common 
length and bore, be fired with a leaden bullet, and 
half its weight in powder, and if the same barrel 
be afterwaids shortened by one half, and beagmn 
fired with the same charge ; the velocity of the 
bullet in this shortened barrel will be about -J. part 
less than, what it was, when the barrel was en- 
tire ; and if, instead of shortening the barrel, it 
be increased to twice its customary length (when 
it will be near eight feet long) the velocity of the 
bullet will not be hereby augmented by more than 
4 part. And the greater the length of the piece is 
in proportion to the diameter of the bullet,, and the 

small^ 
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smaller the. quantity of powder, the more inconsi- 
dyable will these alterations of velocity prove. So 
that increasing or diminishing a twenty-four poun-* 
der, for instance^: Jby a foot in length, with its 
customary charge of powder, occasions no great^er 
change than that of ^ part in its velocity ; which 
is a variation much too minute to be ascertained 
bjr Jny of the trials, which have hitherto been pro- 
posed and followed for that purpose. 

From the above-mentioned principles toOj it 
follQws, that the actual velocities, with which bul- 
lets are impelled from their respective pieces, are 
hence easily to be assigned ; whence their potential 
randoms, or their ranges at 45° in a vacuum, may 
be i^adily known. The geometrical process for 
this purpose hath been explained in another place, 
but is rather too complicated for this paper ; and 
therefore to enable those, who may desire the ex- 
amination of experiments of this kind, to make 
tzht necessary com'putations; I shall here lay down 
:t>ome practical rules for that end, without etitering 
i uto tneir demonstrations. 

RULE L 

If an iron bullet be fired with its weight of pow- 
cler fiofn a piece sixty diameters in length, its po- 
tzential random, or its range in a vacuum, will be 
yearly 60000 yards ; and if the length of the piece 
a^nd the quantity of powder be both of them in- 
creased or diminished, its potential random will be 
increased or diminished in that proportion. Thus 
with half the weight of the bullet in powder, and 
piece of thirty diameters long, the j^otential ran- 
dom will be SOOOO yards, and with a fourth of the 
wfeight of powder, and a piece of 15 diameters lorig^ 
Its potential i^nclom will be 15000 vards. 
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RULE II. 



If a leaden bullet be fired with its weight of pow-* 
der from a piece of 90 diameters long, its potential 
random will be 60000 yards ; and if both the pow- 
der and the length of the piece are together in- 
creased or diminished in any proportion, the po 
tential random will be increased or diminished in ' 
the same proportion. 

RULE IIL 

And generally, if bullets of any specific gravity 
whatever are fired with their weiglit in powder from 
pieces, whose lengths bear the same proportion to 
60 diameters, as the gravity of these bullets bears to 
iron ones of the same bulk, then the potential ran- 
dom of these bullets will be likewise 60000 yards ; 
and increasing or diminishing the powder and the 
length of the pieces together in any ratio, the po- 
tential random will be increased or diminished in 
the same ratio. But it must be observed, that in 
all these instances the bullet is supposed to lie close 
to the powder, without any void between, and the 
windage to be the least possible, 

RULE IV. 

To find the potential random to any given piece, 
bullet, and charge, proceed thus : first find what 
length of piece (estimated in diameters of the bul- 
let) and what potential random corresponds in the 
preceding rules to the given charge of powder, call 
this potential random A ; then if the length as- 
signed by the rule is the same with the length of 
the given piece, this immber A is obviously the 
potential random sought. But if the length of the 
given piece be more ttian the length deduced from 

die 
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the rales ; then take the difference of the tabular 
logarithiiis: of these two lengths; and multiplyitlg 
t\m dtfferetice intoJ A (the iogarithift of 10 being 
supposed unity) and then adding the resuhinfg 
product Do A, tihe wm will be tfai' potential htn- 
dom required. If the given piec6 falls shoi«t 6f 
the length deduced from the rule, instead of ek- 
ceeding it; then the jiiSodiict of the difference of 
the logarithms into A must be taken from A, 
and the remainder will be the potential random 
sought, 

W this, process take the foUowing example, ad- 
apted to ^ experiment made by Anderson. Sup-* 
pose it be required to determine the potential ran*^ 
dom of a piece 17 inches long, carrying a five 
pound iron shot^ and fired with three ounces of 
powder* : 

" The pdVder here is about ^ <>f the iron bullet, 
and die length of th6piece about five diamejters of 
the same; and by due second rate it appears, that 
a piece about 2^ diameters long, charged with this 
proportion of powder, would have a potential ran- 
dom of about 2220 yards : but the piece in ques- 
tion being five diameters long^ the difierence of 
the logarithms of 5 and t^ niust be multiplied ^ 
into 2220, and the product, which is about 780, 
muBt be added to 2220; because the given piece 
is lori^r tiian die length dedui^ed from the rule ; 
and^ their sum, 04' 3000, is 'tl^ potential ran- 
doni sought. Where note,^ that in these compu- 
tations a scrupulous nicety is altogether unneces- 
sary ; a rigorous and geometrical determination 
bfcing scarcely compatible with the natiu^ of this 
subject, 

RULE V. 

The former rules bein^ suited to those cases, 
where the bullet is placed hoitie upon the powder, 
as in cbinon ; to adapt them to mortats, >«^^^> 
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part of their chamber only is filled, we must pro- 
ceed thus. First find, by the preceding rules, what 
will be the potential random, if the whole cham- 
ber was filled with powder ; and then reduce the 
random thus found ni the proportion of the whole 
chamber, to the part of it occupied. l)y the given 
charge. 
: SCHOLIUM, . 

■ . ■ t • 

r 

These are all the necessary jules for computing 
the potential randoms of shells and bullets; it is 
true, that the density of powder, and other casual 
circumstances, will occasion considerable varie- 
ties ; and will oftentimes render the result different 
from these computations ; but the iri-egiilarities of 
this kind, are neither so great, nor so treq.uent, as 
may be imagined. And those, \vho consider the.al- 
most infinite complication of this subject, and tlie 
ignorance in which the world has. long continiEied 
of the Ibrce and mode of action of fired gunpow- 
der, willdgubtless grant, that any pretence of e?c- 
hibiting the velocities communicated to bullets by 
its explosion,, would some time since have been 
treated as a chimerical undertaking ; and therefore 
I cannot but conceive, that the. strange and scarcely 
credible coincidence of the computations, here 
given, with the result of numerous trials made un- 
der diversified circumstances, is a matter well me- 
riting attention, and strongly confinning the the- 
ory here advanced ; especially as the causes, which 
often render these computations less accurate, are 
such, as might be reasonably expected from tl>e 
nature of the theoiy t(; intervene. The circum- 
stances, in which the trials and the computations 
arc fre/5[uently found to differ, being those that 
follow. 

First, If the ({uantity of powder be extremly 
small in proportion to the size of the piece, and to 
the weight of the bullet to be impelled; the velo- 
city 
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city comnmnicskted .to; the i)uUe.t will fallshart of 

the computation. Thus^ foD iijfitajice, a muskeit- 

bullet, fired from a common piec^. with ^ part of 

its weight in poj^der, has a velocity tiear a. tWd 

part less, than it ought to hay^^ :by the:form€{r 

rules, ■ •*/'.■•■'. i • ■ • f ' M f » 

« ■ - • ■ ' ' 0^ - ■ 

Seeondy If in- mojtars chs^gQ^i 'afr^ iijiade usfi - 4f, 
filling up but a v€!<y 3maH pa.rf :of 'the chftipj:>fli|, 
in this case the i?eftl velocity, df the sheU willfaU 
considerably shojjt of it»;.CQn>pnt9d.quanilt-y:i:;, A^ 
fpr instance, if into a cb^mteiqapaWe of hpHing 
61b, of powder, there is put np more than Ylby tb^ 
velocity .may not perhaps be more than half,:..<)r 
even a third, of what it oughts to.be >vith a -com- 
parison of the effect of larger changes. " -ri .' 

Thirdy And in every case a considerable M^indr 
age will sensibly dirninisb the effect of tlie .po.wr 
der; and, on the contrary, if the tpiich-hofei is 
small, and the bullet and piece fit very exactly,^ the 
effect of the powder will be thereby augmentedj 
especially in large charges. So that the potential 
randoms computed above may be then . found 
perhaps defective, and igiay possibly require .to be , 
.augmented a fifth or sixth part. . , i = 

Fourthj There is besides some difference in' tb€ 
manner of placing the powder; fori thp samequanr 
tity of powder acts rather more violently,, when it 
fills up a long cyUnder, than when it. fills a shorter 
cylinder, with a larger base; at least there seems 
to be some advantage in lengthening the cham- 
ber, till its length is near three timeis its diameter. 
In small quantities of powder thip difference in the 
form of a chamber occasions very considerable var 
rieties of the impulse of the , buUet, as hath been 
formerly shewn to the society by Mx. Hauksbee. 
But in large quantities, of powder, and such as 
bear a great proportion to the wieight of the bul- 
let, I conceive the effect here mentioned to be of 
less moment. 

P 2 ; '^"^^^ 
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The rules and methods of computation inserted 
above, assign only the potential random of the 
prbjectile in yards ; but if the velocity, with which " 
the projectile moves, be required, this may thence 
be easily found from the common theory of falU 
ing bodies. However, the shortest practical roe- 
thbd of determining the velocity from the poten- 
tial random, is this. From the number express- 
ing the yards of the potential random take away 
V^ of itself; then annexing two cyphers to the 
end of the remainder, and extracting the square 
root, the resulting number will be the feet, which 
the projectile will move in a second : not differ- 
ing from the truth by much more than T^yVe- part. 
And if the velocity was given, and the potential 
random was sought ; this may be determiiled from 
the same principle: for multiplying the feet the 
body moves in a second by itself, and adding to 
its -^ part, this sum, when the two last figures ar« 
cut ofti will express the corresponding potential 
random in yards. 

And now bavins: delivered the essential rules for 
computing the potential random, and the original 
velocity of shells or bullets tired from given pieces 
with given charges of powder ; and liavitig in a 
former paper given the method of computing the 
actual ranges of these bodies ; I have hereby com- 
pleted all the precepts, which are necessary for 
comparing the result of any experiment with the 
theory. 

And as an example of this comparison, I pro- 
pose in the next paper to give a detail of a great 
variety of experiments, made in various parts of 
Europe^ together with computations from the 
theory adapted to them ; whence those, who en- 
tertain any doubts about the truth and sufficiency 
of tlie doctrine, I have hitherto advanced, may tie 
furnished with ample materials for the discussion 
of their doubts, and may thence, I hope, be fully 

convinced, 
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convinced, that the coincidence between these di- 
versified trials and the preceding rules, can only 
arise from the reality and certainty of the princi- 
ples, on which these rules are founded. 
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No. V. 



A Comparison 6f the Experimental Ganges of 
Cannon and Mortars with the Theory con^ . 
tained in the preceding Tapers. 

After laying down in the preceding papers, 
No. II. and IV, the principles 'for calculating 
both the velocity a bullet acquires from the ex- 
plosion of the powder, and the distance it ranges 
to, at a given angle, in consequence of the air's re* 
sistance ; I shall now compare the result of these 
computations with the actual motions of military 
projectiles. And in this comparison, I hope, 
there will appear such a coincidence of theory 
with experiment, as cannot be supposed to take 
place in any false or fallacious hypothesis. Espe- 
cially too, as all the experiments, I shall here pro- 
duce, are^such, as have been madie by others j 
many of them long since printed, and all of them 
originally instituted with views very different from 
the subject of this essay. So that it cannot be 
pretended, I have wrested the result of them to 
make them suit the better with a favourite pre-^ 
possession. 

As it may perhaps be suspected, that the strange 
. coincidence between the trials and our theory, 
which on examination frequently takes place m 
this subject, is principally owing to the errors ii^ 
the different parts or the thcdry balancing each 
o her, so that, for instance, the force of powder 
IS/ l)e assigned too little, and the resistance of 
th* iir too great, or vice versa : to obviate this 
suspicion, I shall first establish the truth of my 
determination of the force of fired powder, by ex- 
amining the range of shells projected from large 
mortars. For in these the resistance of the aip 



OF GUNNERY. :23i 

is on £lli accounts of much M^ elQfcacy'than in 
cannon-shot. So that here a considerable change 
in the law or quantity of the resistance would oc- 
casion but slight alterations* iti thfe ranges; and 
therefore, if the actual experimented ranges "of 
these bodies correspond to the quantities assigned 
by bur rules, we may rest satisfied, that the real 
Velocity, they acquired from the blast, is not v&^ 
different from what we have ascribed to themj; 
and consequently, our theory of the action and 
force of fired gunpowder may be safely applied to 
swifter and ihinuter projectiles. 

Our first example shall be of the 18 inch seSa- 
mbrtar, Containing in its chamber -SOlb. of 'pow- 
der ; these mortars are generally in length about 
two diameters of the bore, independent of the ca- 
pacity of the chamber, so that the whole must be . 
esteemed more than 2i diameters. Bv kn extract 
from the books of practice kept at IVoolivich I 
learn, that this mortar elevated to 45®, and fired 
with a full charge of powder, throws a shell of 
12| inches diameter to the distance of 3350 yards^ 
the' shell weighing 23 lib. 

This shell is nearly 4 Qf the weight of 'a solid 
iron bullet of the same diameter, and the powder 
is -o^ of the shell; by computing on the princi- 
ples laid down in rule th^ 5th of the preceding 
paper, the potential random will come put very 
near 5000 yards, and the F will be 3060 yards. 
But as this shell in its flight rises to the perpendjvi- 
cular height of about 1000 yards, where thfe air is 
rarer by near \ part than beloSv. On this account 
the medium resistance will he diminished by about 
-rV P^J'tj and augmenting the F in the same pro- 
portion, it becomes 3264, whence, by- thfe doroU 
lary of the 2d proposition of our;2d paper,rrthe 
actual range comes out 3230, ' differing - frrfm tbd 
experiment by no' mt)i'e than 120 yards ; . so that 
with this prodigious charge of powder, by far *the 

P 4 ^^'aX.^'^x 
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greatest used in any military projectile; the actual 
velocity of the shell differs but inconsiderably from 
what is ascribed to it by the preceding theory. 

The same mortar fired with 261b. of powder, 
and elevated to 45^ threw its shell to the distance 
of 3 100 yards. 

Here the potential random by our rules is abe^t 
4390 yards, and, retaining the F of the last exam- 
ple, the actual range, by our conoputation comes 
out S930 yards, which is short of the experiment 
by 170 yards only. 

At the same time, that I procured an account 
of the experiments from JVoolwich^ I learned, that 
a ten inch ship-mortar elevated to 45°, and fired 
with a full charge of powder, which was ISlh. 
threw its shell, of 9(51b. weight, to the distance of 
3350 yards. 

This mortar was above a diameter longer than 
the thirteen inch mortar of the last example, so 
that it cannot be esteemed shorter than 3,6 dia- 
meters; and the f^hell is about -^r ^^ ^ solid buU 
let ; whence, computing on the foregoing princi- 
ples, we shall find, that the potential random as- 
signed by our theory, is about 6230 yards, and the 
F 2057 yards, which, properly augmented for tlie 
diminished density of the atmosphere in the upper 
part of its flight, becomes 2200 yards nearly, and 
thence the corresponding actual range should be 
3190 yards, which is no more than 160 yards short 
of the experiment. 

The next example shall Ix; of a thirteen inch 
mortar for land service, being two diameters in 
length, its chamber capable of containing above 
9lb. of powder, and its shell weighing usually 
about 200lb. This mortar elevated to 4^% and 
charged with 9lb. 1 oz. of powder, threw its shell 
to 2000 yards distance. 

Computing upon the former principles, we shall 
find the potential random of this shell to be about 

2727 
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S7?7- yards, and the F to be fifiTfi yards; whence 
the actual range assigned by our rules is 198O 
yards, only 20 yards different from the experiment 

The s^me mortar elevated still to 45®, atld 
charged with 4lb. of powder, threw its shell to 
1000 yards distance. In this instance the poten- 
tial random is about 1200 yards, and the actual 
range thence comes out somewhat more than 1050 
yards. So that here too the experiment and the 
computation differ but little from each other. 

I have in this manner examined the ranges of 
mortarft of all diameters, and I find, that unless the 
charge bears a very small proportion to the weight 
of the shell, or to4he capacity of the chamber, the 
computations and the expieriments correspond to a 
sufficient degree of exactness; and even in small 
charges, when proper care is taken to fit the bul- 
let or shell to the piece, to prevent the exhalation 
of the flame, the actual ranges in most cases, differ . 
but very little from the computation. 

From the coincidence of these diversified trials 
with our computation, we may safely conclude, 
that the force and mode of action of fired powder, 
is nearly such as our theory supposes ; and that 
therefore this theory may be safely adhered to^ in 
determining the potential randoms of every kind 
of artillery. For, in the examples we have exhi- . 
bited, the resistance of the air is of much less efB- 
cacy than in cannon-shot: so that we cannot err 
much in deducing the real motions of these shells 
from their experimented ranges. Having thus 
therefore, as I presume, established that part of 
the theory, which relates to the action of powder; 
we will now proceed to the discussion of such ex- 
periments, as are best fitted to confirm the other 
part relating to the resistance of the air. This 
will be best done by the ratiges of cannon-shot ; 
the examination of which therefore shall be the 
business of the remaining part of this essay ► ' 
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I shall begin ^Vith those recited by St. Remj/, in 
his memoirs of artillery, Vol. I. page 6s ; where* 
he tells us, that pieces of cannon of the customaiy 
calibres, all of them ten feet in length, pointed at 
45'' and loaded with two thirds of the weight of 
the bullet in powder, ranged thus. * 

lb. toises. 

The piece of 24 •= 2250 

of 16 ~ 2020 . 

of 12 — 1870 

of 8 — 1660 

of 4 1520 

according to the given length of these pieces, and 
the diameters of the respective bullets mentioned 
by St. liemy, the potential random in English -y 
yards,' and the F corresponding to each bullet in 
French toises, are nearly these. 

lb. Potential Random F to eacli 

Pieces of 24 30000 yards 825. toises 

16 32400 720 

1 2 34000 650 

8 36650 570 

4 40000 450 

But before we hence compute the actual ranges 
from our theory, it is necessary to observe, that 
these shot at the highest part of their flight move 
in air having little more than i of the density of 
the lower part of the atmosphere ; and therefore 
the F above assigned to each of these bullets, ought 
to be increased by 4 part. When this is done, and 
the potential randoms are reduced on account of 
the treble resistance, in the manner, formerly ex- 
plained ; we shall find the actual ranges deduced 
from our theory, to differ but inconsiderably from 
the experimented ranges given us by St. R^my* 
This will best a])pcar by the inspection of the sub- 
joined table. 






Pieces 





OF GU 


NNERY. 


23J 


^ Pieces. 
Pounders. 


Ekj|ieritDent£d ranges. 
Toises. 


Actual ranges. ' 
by our theory. 
Toises. 


ErWMfs oflTjeoiy. 

* 

Toises. , 


24 ■ 


- 2250 


2255 


+ 5 


16 


2020 


2100 ' 


+ 80 


12 


1870 


1990 


+ 120 


8 


1660 


1804 


+ 144 


4 


1520 


1558 


+ 38 . 



St. Remy in the same place tells us, that pieces 
of the same bore with those already mentioned, 
but somewhat shorter, were tried with half the for- 
mer charge, or only -f of the weight of the bullet 
in powder, and that at 45° of elevation they rangr 
ed nearly at the same distance as the others. How 
well these experiments correspond to our theory, 
let the annexed nujnbers declare. 

Short pieces ared Expenmented Actual ranges Errors of theory, 

with ^ of the rfuige*. by our theory. 

powder only. Toises. Toises. Toises. 

24 2250 2165 ~ 85 

16 2020 2020 0' 

12 1870 ^ 1920 + 50 

8 1660 1740 + 80 

4 1520 1510 — 10 

Our theory Is still farther confirmed by the tri- 
als made by the French at La Fere in the year 
1739, and at Meiz in the year 1740. As manus- 
cript accounts of both these sets of experiments 
have casually fallen into my hands, I shall here re- 
late the prinicipal experiments occuring therein. 

The trials at La Fere were made ^vith the usual 
pieces of all the preceding calibreis, chargM with 
various quantities of powder, arid elevated. to 4**, to 
15*^, and to 45^ The 24 pounder was besides 
fired at eight different elevations from 4° to 45^1 
AvMeit'z no other piece but a 24 pounder was. 
made Use of ; this was constantly elevated to 4^ 
and was loaded successively with different charges 
pf powder from 8lb. to 20lb. 
As the trials ^t J^a Fere, made at iS"" of eleva- 
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tion, do not materially differ from those recited by 
St. Jtemifj they require not a new examiqation. 
We shall therefore proceed to the experimepts 
with the 34 pounder at seven different elevations 
shprt of 45°. In these the ch^rg^ Vfas always 
J)lb. of powder ; thq actual range at each time, 
and the corresponding numbers assigned by our 
theory, may be seen in the following table. 



Angle of 
elevation. 


Actual range of 24 
pounder at La Fere. 
Toitea^ 


Ditto hy 

oof theory. 

Toiwis. 


Errors of 
tn60fy. 

Tone*. 


40^ 


. S050 


2096 


-*■ 46 


35 


ao20 


S080 


+ 60 


30 


1910 


203^ 


•f 198 


S5 


1825 . 


1930 


■h 105 


<10 


1740 


18g0 


•f 80 


15 


1675 


1620 


— 55 


4 


890 


725 


— 95 



In these computations I h^ve made no allow* 
ancc for the ascent of the bullet into a rarer air, 
which would still enlarge the computed ranges, 
and increase the errors of the theoiy. And though 
even then the agreement l)etween our numbers 
and the actual ranges is much greater, than might 
be expected, considering the variety of these triaUi 
and tne uncertainty and irregularity, which con* 
stantly intervene in all experiments of this nature; 
yet I can venture to predict, that, if the^e trials 
are repeated with due care, and necessary precau- 
tions are taken, the difference between tneir result 
and our numbers will be still less, than what ap* 
pears in the foregoing comparison; there beiagse* 
veral reasons, not necessary to be here discussedy 
which render all, that was done at that place| 
less proper for the examination of a theory, than 
what was afterwards executed at Mctz. J§ut to 
proceed. 

The next trials in order were those made at Za 
Fere with other pieces at different angles. All 

these;, 
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theie^ U^th the coirroepoitdil^ numbers deduced 
from our tfaeor j^ I have comprised in the annexed 
tkUe: where I must oi»en^ that the same nxugicj 
Avhich in some places of the iiianutori[>t is deoo-^ 
ininated 4^ in other places is presumed to be 5^. 
And if this be allowed, our nuxiibers, which in 
these small angles at present are defective, will 
then agree to the trials without sensible error. 



ieces. 


Pounds 


Angle 


Actual 


Actual range 


Errors 




of 


elevation. 


range. 


by theory. 


theory. 




povdiT. 




Toises. 


ToiSfes. 


Toises. 


16 


6 


15 


1780 


1540 


240 


16 


6 


.4 


825 


707 


118 


12 


4 - 


•15 


1500 


144-0 


60 


IS 


4 


4 


820 


680 


140 


8 


3 


15 


1440 


1320 


120 


S 


P 


4 


7fO 


650 


120 


4 


2 


15 


1500 


1200 


300 


4 


2 


6 


• 862 


'780 


... 82 



Having now done with the-experiments made at 
Xa Fife ifl 1739> wh€fFe- from the nature and in- 
tenti(Ai: of the trials, and the excq)tionabIe man- 
ner of selecting them, a nearer coincidence with a 
trtfe tiieory -eouhi not be expedied: we will next 
proceed ?ta the le^nparison of those made £itJkfefz 
the y«ar felfiWmgj these were ^exe^u ted- with 
much morf^care and ^a^tention, andare related with 
more canaour and diwinctness ; for here the re- 
sult 6f each trial is «et down: whei-eas in the 
Others the mediums only were given^ and these 
too curtailed ac>cording to the fancy of the rela- 
tor. The only piece made use of at Mefz was a 
24 p'outider 10 feet in length, - as I have already 
obserl^ ; this was loaded with different charges 
of powder from 8lb. to 20tU It was constantly 
elevated to 4® ; but as it was placed 78 feet above 
the plahi, on which the kdlets fell, this amounts at 
a medium to another degree of elevation ; esteem- 
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ing therefore the angle to be 5^ the reslult of dl 
these trials (which were continued for threedays) 
is here represented^ together with the corresponds^ 
ing ranges deduced froni our theory. 

Pounds Actual Ditto by Errors of 

of range. our theory, * theory. ' 

. ])owder. Toiscs. Toiscs. Toises. 

8 — 799 — 836 — -f 37 

— — 844 — — — • '8 

— .— 829 — — ^ 7 • ' 

— — 887 — — — 51 

9 — 715 — 843 — +.128 



• • 



— — 917 — — — .. 74 

— — 855 — — — 12 

— — 812 — — + 31 

— — 742 — , -- +. 101 

— — 806 — — + 37 

— — 870 — ~ — 27 • 

— — 854 — •— — — 11 

— — 854 — — - — 11 

— — 822 — •— + 21 

— — 858 — -— -*- , — 15 

— — 826 — — — + 17 
^ — 808 •— — . — + 35 
-« — 856 -- — ^ — — 13 

— — 1010 — - — - — — 167 

— — 735 — — + 108 

— -^ 783 — — + 60 

10 — 834 — - 850 — + 16 

-^ — 872 ~ — — 22 

_ _ 851 — _ — 01 

-_ _ 845 — — T + 05 

— — 871 — — — 21 ,• 

— — 838 — -^ — + 12 

1 1 ~ 837 -— 857 —- + 20 

— — 784 — ^ — + 73 

— — . 950 — — — 93- 

— ^ 893 — — — — 35 

Poundf 
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i ' Pounds - - Actual jDitto by "• : ^'^Brrors of ^ 

of . range. . , our theory. iheory, 

■ pow«!ef. . Toises. Toils'. - — Toises. 

■•—"•—■■ 79^ •■^■■'. -^---v'-^ ■•+■'• te . ■ 

-^ — ■ 830 — T— — +.27 

'IS.-—' Sm —■ 864 • •— +■'. 52 ' 

' i— '— 807 -^ — ^-^ "^ +".'^7 

-i — 882 — -— ■ — — 18 . 

• .— •— 8^ -1- ^— ^ _-:— 35 

-V 'r- 842 — • ''—■'+■. 22 ■ 

. 14.— ■ 840 — 878 • -^ '* + ■ '38 ' 

• ^'='— " 848 — -^-'^- -^ ■ + 30 

— .— 878 — - — — — • . ' 

, —:— '950'— -^— — — -'-72 • 

'■.■—.— 1060 — - — • •— • — • 182 ; 

— — 845 — ■ — + 35 ■' • 

• 16 — 1000 — 891 — ~ 109 

• — •— 898 — . — ^ — — 07 •; 

— •—■'97^0.^ -— ~ + 79 

_^..'::_.. •835''.^""-~- — + 56 

18 ^ 950 — . 903 ■ — — 47 

— — 1000 — — ■ — — '97 . 
■ 20 — 1100 — 916 — — 184 

-._.-_ 841 — - 1— +'75 

From ,the inspection of these numbers we may 
collect the strongest proof of .whaty we^ have* fre- 
quently asserted lipon other occa^ons; " That 
" our theory differs less from the experiments, 
*^ than the experiments do from each other.'* 
Since here, in tlie repeated trials with nine diffe- 
rent charges of powder, the least of 8lb. and the 
greatest of SOlb. there is but one charge only, and 
tlrnt repeated but twice, where the differences from 
the theory fell the same vay, I therefore cannot 
doubt, but if a like series of trials with these were 
made at much greater angles, the result wOuld be 
altogether as xonsonant to otir numbers, though 
it is evident enough from the preceding table, that 
little regard can be paid to single trials ; since in 
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the two cjtpcriments with 20lb. of powder, tlie 
difference in range is 25£) toises, and with plb. of 
powder the difference of. two subsequent ranges is 
27i toises ; whereas the theory in no instance dif- 
fers from the medium of any of these trials more 
than 75 toises. Hence I conclude, that till a num« 
ber of trials shall be made at large angles ; it can- 
not be determined, whether 'the great differences, 
which odcur in the examination of soipe of the 
ra^nges at La Fere^ are to be imputed to the theory, 
or to the uncertainty and insufficiency of the trials 
themselves. . _ 

The trials hitherto considered might abundant- 
ly suffice for the confirmation of ouf principles; 
but before I conclude this subject, I chuse, for 
particular reasons, to exatnine the experiments 
made at Woolwich in the^year I'TSfi with 24.poun- 
ders of different lengths, Thes^xperiments were 
undertaken on a false presumption, that there was 
a certain length for cannon, which enabled the 
piece to shoot more efficaciously, than it would do, 
if it were either longer or shorter: To determine 
this proper length, pursuant to this erroneous hy^ 
pothesis ; six 24 pounders were cast of the same 
weight, the shortest eight feet long, and the longiest 
ten feet and a half These were all loaded alike, 
and were elevated to 7®t, at which elevation five 
shot were made with each, and the mediums 
taken; whence an estimate was proposed to b6 
made of the effects of these different lengths, and 
it was from tiience derrided, that the pieces of 9 
and 9y feet long, ranged farthest. 

Before we compare the result of these* ranges 
with our theory ; it will not be impertinent to con- 
fute the fallacious determinAtion8, which have been 
from thence deduced. By our theory the longer 
pieces ought to range farthest ; but the varieties 
are too minute to be ascertained by trials of this 
k^nd. Since on our principles the ranges with tb^ 

1 pieces 






OF GUNNERY. 241 

pieces 9 and 9-r fi-'^t long ought not to differ by 
more than 35 yards from tlie ranges of the short- 
est and the longest. . And yet two subsequent trials 
with the 9 fe^t piece difter from each other 650 
yards ^ and the medium of the trials with that 
piece on different days (for they were repeated 
three days Successively) differ from each other 300 
yards. It appears then from hence, that it will 
be a vain attempt to endeavour to ascertain the 
effects of cannon of unequal lengths by trials of 
ihis nature, ^yhich on a repetition vary twenty 
times more from each other than the whole differ- 
ence by this means proposed to be discovered. 
But to proceed. 

If in these experiments the powder was half the 
weight of the bullet (which, I conceive, was near- 
ly the case) the^ potential random then to pieces 
of 9 and 94- feettbng, which are the mean lengths, 
wil^ J)e by the theory about 25,000 yards, which 
reduced on account of the treble resistance be- 
comes about 16,200 yards, and the diameter of a 
24 pound shot being nearly 5 and ^ inches, F is 
1700 yards, whence the actual range at 7° i is 
about 2400 yards. And as these shot all fell into 
the water, if the surface of the water be supposed 
10 yards lower than the platform, on which the 
pieces were placed, the range will be augmented 
at a medium near 60 yards more on that account; 
whence the whole becomes 2460 yards, which is 
sufficiently consonant to the trials; for I find, 
that a medium of all the shot made with the dif- 
ferent pieces was on one day 25&4, and on ano- 
ther day 2524, and on the third day 2470, where 
the greatest difference is on the first day, and 
amounts to 124 yards; which, after what has 
bpen observed of the irregularity of these trials, 
must appear an error too slight to be regarded. 

And" liere I might safely finish this examina- 
tion; hut 2LsEldredf our countryman, who, above 

Q a hun- 
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a hundred years since^, was master-gunner of Do^ . 
*oer castle, hath cielivored in his writings some 
trials made in very unusual pieces with uncommon 
charges of powder ; I sHall conclude with insert- 
ing a few of his experiments, both to shew their 
conformity with our theory, and as a matter of 
curiosity likewise. 

The first experiments, I shalU relate from him, 
were those made with- a demi-culwrin 10 feet 8 
inches long, carrying a 9 pound ball, and loaded 
with 7lb. of powder. f 

This piece elevated to 10°, and Having 2° more 
on account of the advantage from the heigHt of 
the clift, upon which it stood, ranged*to the dis- 
tance of about 2840 yards. 

If the powder used by Eldred was of the skme 
fabric with the present government powder, the 
potential random would be abo%t 38400 yards, 
which reduced for the treble resistance becomes 
18600. And F being 1200 yards, the actual range 
at r2° is by the theory 2820 yards, agreeing with 
great nicety to' the experiment. 

But the most singular trials, related by Eldred^ 
are those, he made with what, hestyiea^the basi- 
lisk. This is the long piece well known to all, 
who have seen Dover castle. Eldred tells us, 
that this piece, which carries a lOlb. shot, and is 
23 feet in length, was tried by him several times 
with a load of 1 8lb. of powder, and that at two 
degrees of elevation, it ranged 1 200 yards, and at 
4"" T it ranged little short of SOOO. 

This piece may be esteemed about 65 diameters 
in lengtii, and according to our theory the poten- 
tial random with 18lb. of powder should he about 
84000 yards, which reduced on account of the 
treble resistance becomes 24200 yards, and the F 
to a lOlb. shot being 1240 yards, and the actual 
range at 4® ^ is by computation 2080 yards, and 
the actual range at 2^ about 11 80 yards, both of 

1 them 
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them extremely near Eldred'^ experiments ; only 
it must be observed, that in very small angles, 
and v«ry large potential randoms, the method of 
redaction we here, follow on account of the treble 
resistance, wiH give the actual ranges somewhat 
less than their true quantity. 

I must observe, that these last experiments^ 
with the basilisk, furnish an incontestable proof 
of the prodigious augmentation of the resistance 
in great velocities beyond its customary rate ; 
since from other experiments I am satisfied, that 
this piece, with 2lb. of powder only, or -J- of the 
' cha?ge given by Eldred^ would have ranged at 
4^ T to fuH 1500 yards, unless its windage is enor- 
*■ tnous. So that by augmenting the charge ninefold, 
, the actual range is only increased in the proportion 
of 3 to 4. Nor let it be supposed, that in this great 
^ charge the rules for computing the velocity of the 
* bullet, or its potential random, itiay prove defec- 
tive, on account of the immense celerity, with 
which the flame of the powder must expand to 
continue its impulse all through tjie cylinder ; let 
hot this, I say, be supposed, since by experi- 
ments, whicJh I myself have formerly* made, and 
which ailB recited in another place; it appears, 
that in a barrel similar to the basilisk, but of a 
small bore, a charge of powder, which filled up 
i of the piece, and therefore in proportion to the 
piece was greater than that used by Eldred, was 
not found in its effect to be deficient from theory, 
but rather exceeded it, as indeed all large charges, 
instead of falling short of the force to be expected 
from them in proportion to their quantity (which 
according to the vulgar prepossessions on this 
head ought constantly to happen) do never fail to 
receive some additional eflScacy from their increased 
quantity, beyond what is assigned by theory; so 
that I do not conceive, the potential random, as- 
signed above to the shot made with the basilisk, 

Q 2 ^ waij 
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was more than it actually received, unless the 
powder was inferiof to that used at present, which, 
1 know not that there are ^iny reasons to believe. 
If then the potential random of these shot made 
by Eldred is nearly of the quantity exhibited by 
oui* computation, or about 84000 yards or 47 
miles ; , it follows, that its actual range at 4° |, as 
tried by Eldred, is not the seventh' part of the 
potential range at the same angle. , And its acctual 
range at 45^ I affirm, will be Uttle more than the 
twentieth part of its potential random, or its range 
at the same angle in a vacuum ; so prodigious are 
the effects of the air's resistance on these ponde- 
rous bodies. ^ ^ ' 

These are all the experiments I have thought 
necessary to insertin the present . essay ; not that 
they are a tenth part of those, I have collected 
and computed for my own satisfaction. 1 have ' 
chosen experiments made by others, rather than 
such as have been made by myself, that no suspi- 
cion might arise of their being unfairly twisted to 
a concurrence with my theory. . And I have se- 
lected such, as were made with large mortars and 
Ciannon ; because it hath been urged against the . 
expeiriments formerly recited in my new 'principles 
pf Gunnery, that as they were made in very small 
pieces, their coincideiice \Vith the theory was no 
proof, that in large <Juanti ties of powder the same 
would take placCi^ 

*,,♦ The following tracts also have been never 
yet published^ except the second, which is now 
reprinted from a copy corrected by the author. 
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Practical Maxims relating to the Effects and 
Management of Artillery ^ and the Flight 

of Shells and Shot. 

i" 

JL HE preceding papers, containing the general 
principles of the real motions of projectiles ; it 
might perhaps be imagined, that after the many 
proofs already giv(jn of the coincidence of these 
priciples with the actual motions of shot and shells 
of different kinds, nothing more need be added, 
in explanation or confirmation of this new theory. 
But as it frequently happens, that the clearest de- 
ductions are of little efficacy against the influence 
of long established prejudices ; I therefore thought 
it might not be altogether useless to trace sorhe of 
the articles relating to this subject in a more po- 
pular manner ; as I conceived, they would be more 
readily considered in that form, by those, whose 
prepossessions would prevent them from a too la- 
borious attention. And, as this essay is principally 
intended to rectify the erroneous opinions, which 
at present prevail m relation to th^ nature and ef- 
fects of artillery ; I thought that purpose would 
be most effectually answered by distinctly discuss- 
ing those opinions and eviijicing their falsehood, 
and the fallacy of the experiments on w^hich some 
of them are pretended to be founded. For though 
the establishing the true principles of any art by 
incontestable 4)roofs may be thought a sufficient 
confutation of all such suppositions, as are con- 
trary thereto ; yet with such, as are biassed by au- 
thority, prescription, and habit, this general argu- 
ment is of little moment; it being necessary for 
their conviction (if that be at any time possible) 
to enter into a formal examination of their fa- 
vourite hypothesis, whatever it be, and to shew 
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where and in what manner then* conclusions are 
defective. This being premised, we now proceed 
to our maxims. 

MAXIM I. 

In any piece of artillery whatever, the greater 
quantity of powder it is charged with, the 
greater will be the v^elocity of the bullet. 

It is vulgarly supposed, that the . powder, with 
which any piece is loaded, fires gradually all the 
time, the bullet is passing through 4he barrel; and 
thence it has been concluded,' that there was a cer- 
tain charge, which: would be just consumed at the 
parting of the bullet from the mouth of the piece. 
f his. It was determined, was the proper charge for 
the piece in question; and if more powder than this 
was made use of, it was presumed, that the added 
part would not take fire, and therefore would by 
its weight diminish the action of the rest ; so that 
from this reasoning it followed, that by augment- 
ing the powder beyond the supposed proper charge, 
the velocity of the bullet would be diminished. 
And it is usually imagined by the modern artille- 
rists, that this proper charge is not more than one 
half, nor less than one third, of the weight of the 
bullet in powder. * 

This is the substance of the usual speculations 
on the present subject; every part of which is alto- 
gether erroneous. For neither does powder ^fire 
inithe gradual -manner here supposed (as we have 
amply demonstrated in another place) nor is there 
any practical charge so great, but that, if it be 
augmented, the bullet will be thereby more vdie-^ 
rnently impelled, For, examining a piece of the 
smallest bore in general use, and whicn was about 
30 diameters in length, I found, that when with an 
iron ball aud one half of its weight \\\ powder it 

was 
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was fired against a beam of oak placed ten yards 
from the muzzle, the bullet penetrated at a me- 
dium to the depth of about five inches; but when 
fired with three times that charge, or once and a 
half the weight of the bullet in powder, the penetra- 
'**tion into the same beam was not less than 10 inches. 
I have made many trials of this kind (for in small 
pieces there is little difficulty in repeating them) 
^nd I have never failed to observe, that increasing 
tjie charge, at least as far as to twice the weight of 
the buUet, always augmented the penetration of 
the ball into a solid body ; whence its augmented 
velocity is easily evinced. And if it is asserted, 
that in larger pieces, whose lengths are less in pro* 
portion to their bores, the same efltects would not 
take place : 1 should answer, that if the method 
of proving a 24 pounder (the largest piece in com* 
mon use) be attended to ; the circumstances oc- 
curring therein will be a sufiicient confutation of 
this assertion. For if the heat of the piece, the 
violence of the explosion, and the penetration of 
the bullet into the butt of earth be examined; it 
will presently appear, that with the whole weight 
of the bullet in powder, or even two thirds of that 
weight (the usual quantities for proof) the velocity 
of the shot is much greater than with the custom- 
ary charges, which are about half these quantities. 
Since if (as is usual) the butt of earth for receiv- 
ing the balls be but little removed from the mouth 
of the piece ; it will be found, that the depth, to 
which the bullet pierces, with the proving charge,, 
will be more than a third part greater than with the 
charges commonly allotted tor service. Hence 
then we may conclude, that the supposition, that 
an augmentation of powder beyond the usual quan- 
tity diminishes the effort of the bullet, is in every 
instance erroneous. 

If it be demanded,, how an opinion, which is to 
be thus easily confuted by facts, which occur in 

Q 4 almost 
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almost every day's practice, could be so long and. 
so eagerly supported; I answer, that the plausiSle 
hypothesis of the gradual firing of the powder did 
doubtless first give rise to it. And when it was 
once advanced as a matter of speculation, there, 
were not wanting those, who pretended to confirm'' 
it by experiments on the ranges of pidces different- 
ly charged. What these experiments were, and 
wherein their fallacy consisted, ^^e shall explain- 
more at large hereafter. 

1 have, in the establishing this maxim, confined 
myself to the consideration of the charges and . 
pieces in general use. For if a -piece be so short, 
pr the charge be so pjteat, that the powder takes 
up about ^ of the whole cavity of the cylinder; 
then indeed an augmentation of powder will not 
increase the celerity of the bullet, as I have deter- 
mined slsewhere upon principles too complicated 
to be here explained. But thi$*i8 a case, which 
can never occur in praijtice ; and therefore the 
consideration of it may be safely neglected in dis- 
cussing the mistaken opinions of practitioners. 

MAXIM IL 

If two pieces .of the small bore, but of dif- 
ferent lengths, are fired witli the same 
charge of powder, the longer will impel 
the bullet with a greater celerity than the 
shorter. 

The supposed gradual firing of the charge, dis- 
cussed above, hath been also ap|)lied to the consider • 
ration of the length of pieces ; whence it hath l)een 
usually concluded, that there is a certain length, 
which, if a piece exceeds, the velocity of the shot 
will be thence diminished. And some practition- 
ers have determined this length for a 24 pounder, 
when fired with half the weight of the bullet in 

powder, 
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powder, to be about twenty times the diameter of 
Its bore. 

As some of the. extraordinary culverins, cast 
many years since, and about 60 diameters in length, 
and the shortest cannon in general use contain no 
more than 20 diameters ; I have therefore examin- 
ed the penetration of an Iron ball into a block of 
wood, when fired from a small piece, which was 
first 60 diameters long, and was afterwards re- 
duced to 20 by cutting. The charge was each 
time half the weight of the bullet in powder, and 
r found, that with 60 diameters the penetration 
at a medium was above half as much again as with 
20 diameters. And I dare affirm, that whoever 
shall make these experiments with pieces of any 
bore whatever, will find the result not much dif- 
ferent; provided due care be taken, that the pow- 
der be in good condition, that the substance into 
which the ball penetrates be placed so near the 
piece, that the resistance of the air may occasion 
but little alteration, and that the substance itself 
be of a uniform texture. 

Since then the old culverins, which are more 
than 20 feet long, and which from their unsizeable 
and unmanageable length have been long since laid 
aside, do yet impel their bullet with more vio- 
lence than any piece of a shorter fabric ; it may 
he safely concluded, that within the limits of prac- 
tice there is no piece so long, but if its length be 
augmented, an addition will thereby be made to 
the impetuosity of its shot ;^ and consequently our 
maxim may be safely adhered to in all practical 
discussions on this subject. Indeed, if the force 
of the powder, either by exhaling or expanding, 
be so far diminished, that it becomes less than the 
resistance and friction of the bullet in the piece; 
then the piece by being shortened will shoot with 
more efficacy ; but this is a case, that with the 
customary charges cannot happen, except the 

lengths 
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lengths greatly exceed any ever yet tried. And 
therefore the consideration of this case would be 
altogether superHuous in settling the niaxiriis, by 
which the practice of artillery ought to be regu- 
lated, 

MAXIM 111. 

V 

f 

If two pieces of artillery different in. weight, 
and formed of different metals, have yet 
their cylinders of equal bores and equal 
lengths ; then with like charges of powder 
ana like bullets they will each of them dis- 
chaise their shot with nearly the same de- 

• gree of celerity. 

For as these pieces must be supposed of sufficient 
substance to resist the effort of the customary 
charges of powder without sensibly changing their 
figure; no good reason can be given, why they 
should differ materially in their effects. Since as 
to their momentary extension during the explo*- 
sion, and the elasticity with which they again 
restore themselves, though these may be different 
in different, metals ; yet the whole of this inequa- 
lity is so small, that the variety arising n-oiii thence 
must be altogether insensible. And though the 
different weights of the pieces is a ciifcumstance, 
which in rigour will ,occasion an assignable ine- 
quality in the motion of the shot ; yet, as the ce-. 
lerity of the bullet, from the lightest cannon ever 
made use of, is not in similar trials detective by a 
hundredth part, from what it would be in the hea^ 
viest; the consideration of these niceties may be 
safely neglected in our present disquisition. In-^ 
deed, in the establishing of this maxim, I have not 
relied merely on speculation ; for I have caused se- 
veral pieces to be made of the same bore anri, 
length, but of drfferent metals, and very different 

in 
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in their weight and substance; and after a number 
of trials with each, I have never been able to dis- 
cern, that in like circumstances there was any con- 
stant difference in the force, with which they dis- 
charged their shot ; so that we cannot Jbut insist 
on the truth of the present maxim (at least in all 
practical views) how opposite si^ever it may appear 
to many long established prepossessions. 

MAXIM IV. 

The ranges of pieces at a given elevation are 
no just measures of the velocity of the 
shot ; for the same piece fired successively 
at an invariable elevation, with the powder, 

. bullet, and every other circumstance as 
nearly the same as possible, will yet range 
to very different distances. 

The varieties in the ranges of the same piece, 
with the same charge and elevation, are scarcely 
credible to those, who have not been conversant in 
trials of thi^ kind. These irregula,rities are vulgarly 
ascribed to the powder ; but were that the true 
cause, it could only produce an ijnequality in the 
extent of the range ; whereas we frequently find, 
that, besides a different length of range, the bul- 
let deviates greatly to the right and left of the 
line, in which it was discharged. I myself have 
seen a piece fired with great care in an invariable 
position ; and yet two successive shot of it have 
flown in directions, which on the horizontal plain 
made an angle with..each other of above fifteen de- 
grees, 

MAXIM 
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MAXIM V... 



The greatest part of that uneertainty in the 
ranges of pieces, which is described in the 
preceding maxim, can only arise from the 
resistance of the air. ^ 

For as it appjpars, from what hath been already . 
observed, that the bullet, after it is separated from 
the ]>iece, is frequently deflected to the right and 
left of its originaj. direction; there is no other 
power known but the resistartce of the air, to 
whicli this effect can beimputed. 

MAXIM VI. 

' •• ' • 

The resistance of the air acts upon projectiles 
in a twofold manner; for it opposes their 
motion, and by that means continually di- 
minishes their celerity; and it besides per- , 
petually diverts them from the regular 
course, they would otherwise follow ; 
whence arise those deviations and^nflec- 
tions, of which we have been just now 
treating. 

The reality of these assertions \y\\\ be evinced in 
the discussion of the following maxims, 

MAXIM VII. 

Tliat action of the air, by which it retards the 
motion of projectiles, though it has been 
hitherto neglected by the writers on artil- 
lery, is yet in many instances an immense 
force: and hence the motion of these re- 
sisted bodies is totally different, from what 
hath been generallv supposed. 

. ' The 
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The theorists, who have endeavoured to apply the 
science of motion to the subject of artillery, have 
usually premised, that the resistance of the air to 
shells and cannon-bullets was so small in propor- 
tion to the weight of those bodies, that their mo- 
tions were not sensibly affected by it. Hence it 
was coucluded, that the track described by mili- 
tar}'^ projectiles was the curve of a parabola. And 
heoce two rules were given for assigning their 
•ranges at any angle of elevation ; provided the ve- 
locity, they were discharged with, was known. As 
these rules ai-e undoubtedly true, supposing the re- 
sistance of the air to be insensible : I conceived 
the best method of examining,- how far this suppo- 
sition might be relied on, was to compare those 
rules with the actual ranges of cannon and mor- 
tars. And in making experiments with this view 
I found, that though in the ranges of shot dis- 
charged with small charges, and consequently with 
minute degrees of celerity, the effects of the air's 
resistance were not considei*able ; yet by augment- 
ing the charge, and thereby increasing the velo- . 
city of the projectile, the action of the air thereon 
became more and more vigorous. And to cannon- 
shot discharged with their customary allotment of 
powder, it amounted to an almost incredible force. 
I find, for instance, that, when a 24 pound shot is 
impelled by its usual charge of powder, the oppo- 
sition of the air is equivalent to at least 400lb. wt. 
which retards the motion of the bullet so power- 
fully, that, if it is fired at 45^ elevation, its range 
is not a fifth part of what it would be, were the 
resistance of the air prevented. In lighter and 
smaller shot this is still more observable ; for I 
have made many experiments with a wooden bullet 
fired at45^ where, instead of 15000 yards, which 
it would have flown in a vacuum, it has not actually 
ranged to 200 yards ; so that the resistance has 
taken away 74 parts in 75 of the whole range. 

It 
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It is sufficiently evident, that the swifter the 
projectile moves, the stronger the resistance acts 
against it ; and on a nicer examination it will be 
fbuhd, that to a double velocity there wil Ibe nearly 
four times the resistance, aim , to three times the 
velocity, nine times the resistance, and so on. But 
then this rule must not be ie^t^ded to the compa- 
rison of the resistances of two velocities, one of which 
is less, and the othei- greater than that of 1200 fe6t 
in a. second ; for I find, that to velocities exceed -'^ 
ing this last-mentioned, the resistance is three 
times as great, as would come out by a' deduction 
from what takes place in slower motions. And as 
we shall hereafter find, that many of the extraor- 
dinary effects of artillery, which have given rise to 
much contestation, are the natural x^onfequences 
of this sudden trebling of the resistance, we there- 
fore think it expedient to insert the substance of 
what we have here observed, amongst our max- 
ims, and have framed the two following ohes for 
that purpose. 

MAXIM VIII. 

This retarding force of thti air acts ^ith dif- 
ferent degrees of violence, according as 
the projectile moves with a greater or lesser 
velocity ; and the resistances observe this 
law : that to a velocity, which^is double 
another, the resistance (within certain li-^ 
mits) is fourfold, and to a treble velocity, 
ninefold, and so on. 

MAXIM IX. 

But this proportion between the resistances 

. to two different velocities does not hold j 

if one of the velocities be less th^n that of 

1200 in a second, and the other greater. 

1200 
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For in that case the resistance to the great- 
er velocity is near three times as much, as 
it would come out by a comparison with 
the smaller, according to the law explain- 
ed in the last niaxim * 

The proof of the two last maxims depends upon 
experiments, which I have described in another 
place ; but which require an ampler discussion thau^ 
%uit$ .with the nature of ^this essay. 

In the same dissertation, where those experi- 
ments are considered, I have also shewn, that the 
resistance on a 12 pound iron shot, moving with 
a velocity of 25 feet in a second, is equivalent to 
about 4- an ounce avoirdupois ; from whence by 
the help of the two preceding maxims, the quantity 
of resistance on any shot or shell, moving with a 
known velocity, is easily assigned. For instance, 
if the 12 pound bullet moves at the rate of 100 
fc^et in a second (that is four times 25) its resis- 
tancif will be 16 times half an ounce, or half a 
pound. And if it moves at the rate of 1000 feet 
in a second, which is 10 times the last velocity, 
its resistince is 100 times as much, or 50 pounds. 
But if the velocity be that of 2000 feet in a second, 
or twice the last; then its resistance, instead of 
being only four times as much, or 200 pounds, is 
treble that quantity, or equivalent to 600 pounds. 

If the bullet or shell be of any size whatever, 
the resistance thereon is easily deduced from the 
proportion of its surface to that of a 12lb. shot. 
For two shells or bullets, moving with equal velo- 
cities, are always resisted in the proportion of their 
surfaces. 

MAXIM X. 

To the extraordinary power exerted by the 
resistance of the air it is owing, that, Avhen 

two 

* These last two maxims require some considerable modifica- 
cation. See the note at p. 181. H, 
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two pietes, of different bores are dis- 
charged at the same elevation, the piece of . 
the larger bore usually ranges farthest^pro- 
vided they are both fir^ with fit bullets, 
and the customary allotmaat of powder. 

The matter of fact contained in this maxim 
cannot have escaped the notice of any one the least 
conversant in the practice of artillery ; it beings 
dbvious even to the most incurious observer. Thus 
a 24 pounder loaded in the customary man- 
ner, and elevated to 8°, ranges its bullet, at a 
medium, to about a mile and a half; whereas a 
three-pounder, which is of half the diamej:er, will 
in the same circumstances range but iktle more 
than a mile. And the same holds true in other 
angles of elevation ; though indeed the more jcon- 
siderable the angle of elevation, the greater is the 
inequality of the ranges. Now this diversity in 
the ranges of unequal bullets cannot be inqiDuted 
to any difference in their velocities: since when 
loaded alike they are all of them dfscharged with 
nearly the same celerity : but it is to be altogether 
ascribed to the different resistances, they undergo 
during their flight through the air. For though 
the 24 pound shot, for instance, has four times 
the surface, and consequently four times the re- 
sistance of the 3 pound shot ; yet as it has 8 times 
the solidity, the whole retarding force, which 
arises from the comparison of the resistance with 
the matter to be moved, will be but half as much 
in the 24 pounder as in the 3 pounder. And thus 
it will always happen (whatever be the size of the 
bullet) that the retarding force of the air on the 
lesser bullet will be greater than the retarding force 
on the larger in the same proportion, as tYie di- 
ameter of the larger bullet is greater than the di- 
meter of the lesser. Now since, from what we have 

already 
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akteady 3hewn, it may ippear that the range of 
shot at an elevation is much more influenced by the 
quantity of ilts resistance, than by the velocity it 
^ is . <Jischarged:;i»rith : Jt js not to. be wondered at, 
V that a 1^4 pound jjihot, being but half as much re- 
tarded 'as a 3 pounder, > should range considerably . 
far4;her. . : ; 

-...; . ■ MAXIM .XL.'... ' • 

^ %Fhe greatest part, of military prb^ will 

•" *^ the time of their discharge acquire/^ 
yhiriirig motion round their axis by ru|?- 
bing against the inside of rtheir respectivi^ 
. pieces ; and this whirling motioa will cause 
them '^ to strike tlie . air very, differently, 
Jfrom Vhat they would do, hiad they lio 
Other but a progressive rrtotion. By this 

.^ means it will' huppen,, that the resi^tknce 
6f the air will not always be directly op- 
posed to their flight ; but will frequently 
act in a line obliqvie to their fcpursey kfid 
will theret^y. force them to deviate from 
' the regular tracks they would otherwise 
describe. And- this is th6 true cause 
of the irregularities described, above in 
maxim IV- 

That bullets niilst in gfelSierai. icquire a whirling 
motion on their discharge, will not, I presume, 
be disputed. And, that this whirl, bv combin- 
ing with their progressive nibtion^' will occasion 
the action of the resrstatnce "fe'be olique to their 
direcJtion,- is evinced by exp^Hhient. For if" any 
pendulous body be made to revolve about the line, 
tQ which it is suspended, {which may be effected 
hjf various^ methods), suiah a .pendulum wall in its 
vibration always deviate frona the dir^tion origin 
ually given to it. Ancf the deviation will con- 
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stantly incline to that hand, towards which the 
revolving motion tends. The §ame is visible in 
tennis-balls, where they are made to revolv^e round 
tlieir ^xis by an oblique strok| of the racket ; and 
in musket-shot the deflection . jirising from this 
cause is frequently sensible even in the distance of 
100 yards, as I have sufficiently evinced in one of 
the preceding papers. Indeed in both musket and 
cannon-shot ii is impossible to foresee to what, 
quarter thfe deflection will tend ; since it is impos- 
sible to' predict, what vvill be the position of the 
axis, round which the bullet will turn, For from 
the irregularity in its friction, before it gets clear 
of the piece, it is not reasonable to expect, that 
any two shot, though discharged from the same 
piece, should revolve in the same manner. Not 
to mention that probably the axis of revoluticii 
frequently shifts its position during the flight of 
the shot. Hence we may upon tne whole cpn- 
elude, that the greatest part of shells and, bullets 
are perpetually deviating from their regular tiack 
in consequence of their whirling motion ; yet nei^ 
ther the tendency nor quantity of this 'deviation 
can in general be determined beforqhand ; nor 
will the nicest repetition of similar experiments 
produce any resemblance in th? circumstances of 
these irregularities. 

MAXIM XIL 

From the sudden trebling the quantity of 
the air's resistance, when the projectile 
moves swifter than at the rate of ISQO feet 
in -a second, (as hath l>een e;cplained in 
maxim IX.) it follows, that whatever be 
the regular range of ft bullet discharged 
with this last-mentioned velocity, that 
rangQ will be but little increased; how 

much 
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much soever the velocity of the bullet 
may be still farther augmented by greater 
charges of powder. 

For by the extraordinary rekifor cement of the 
resistance in all velocities surpassing that of 1200 
feet in a second, the motion of the bullet, how 
swift soever it be, is soon reduced to this last-men- 
tioned rate. I find, for instance, that a 24 pound 
shot, when discharged with a velocity of 2000 
feet in a seccmd, will be reduced to that of 1200 
feet in a second in a flight of little more than 500 
yards. And yet with the greatest of these veloci- 
ties, the bullet will range farther than with the 
least by above fifteen miles, supposing both shot 
to be fired at 45**, and neither of them to be^ im- 
peded by the resistance of the air. Now as the 
velocity of 2000 feet in a second is much greater, 
than what a 24lb. shot receives even from two 
thirds of the weight of the bullet in powder ; and 
the velocity of- 1200 feet in a second may be pro- 
duced by little more than a fourth part of the 
charge ; it appears from hence how speedily all the 
additional celerity is taken away, which arises from 
the utmost reinforcement ,of the charge beyond 
that of a fifth or a sixth of the weight of the bul- 
let in powder. Whence as any excess in the velo- 
city of the projectile above that. of 1200 feet in a 
second is thus precipitately destroyed by the resis- 
tance; it is easy to conceive, that the regular 
range of a bullet, fired at any considerable angle 
with the greatest charge possible, will but little 
exceed the range of the same bullet, when fired 
with a fifth or sixthof its weight in good powder. 
I findj for instance, that the regular range at 10** 
of a S4 pounder, fired with 24lb. of powder, will 
npt exceed the range of the same piece at the same 
angle, when fired with "only 5lb. of powder, by 
more than 500 yards ; the whole range being above 

R a 3000; 
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3000 ; so that Ivith charges in the proportion of 5 
to 24 the ranges are only as 5 to 6. And this not 
from any defect of the action of the powder in the 
larger charge, but solely from the extraordinary 
action of the air's resistance. In smaller pieces, 
fired with charges in these proportions^ the ranges 
approach yet nearer to an equaUty, still provided 
that the ranges here understood, are those which 
I denominate regular, or such as would be de- 
scribed by the bullet, supposing it unmfluenced 
by the action of that deflecting force, which is 
tne subject of the eleventh maxim. What varie- 
ties this force will give rise to, we shall now pro- 
ceed to consider. 



MAXIM XIII. 

If the same piece of cannon be successively 
fired at an unvariable elevation, but with 
various charges of powder, the greatest 
charge being the whole weight of tlie bul- 
let in powder, and the least not less than 
the fifth of that weight; then if the eleva- 
tion be not less than 8® or 10^, it will be 
found, that some of the ranges with the 
least charge will exceed some of those with 
the greatest. 

» For we have seen in the last maxim, that at lO* 
of elevation the difference between the regular 
ranges of a 24 pounder, with these very unequal 
charges, amounts to but about 500 yards. Now the 
ranges with the same charge, and every cio-cum- 
stance as near as possible the same, %vill at anele* 
vation of 10% vary sometimes 6 or 700 yards from 
^ach other,' in consequence of the. deflective force 
discussed in the eleventh maxim. And as the dc* 
fiective force may casually augment the range with 

the 
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the smallest charge, and diminish the range with 
the greatest charge; it is evident, that the smaller 
charge may in these circumstances considerably 
outrange the larger, notwithstanding the much 
greater force, with which the larger charge impel* 
the bullet in the explosion. 

MAXIM XIV. 

If two pieces of cannon of the same bore» 
but of different lengths, are successively 
iired at the same elevation with the same 
charge of powder ; then it will frequently 
happen, that some of the ranges with the 
shorter piece will exceed some of thos^ 
with the longer. 

For the shortest piece of cannon I have yet seen 
being not less than 15 diameters, and the longest 
scarcely exceeding 60 diameters ; the difference of 
the velocities of two shot discharged from these 
pieces, with any of the customary charges of poM/-- 
uer, will amount to but little more than a fourth of 
the greater velocity. And we have seen in the last 
maxim, that when the difference of velocity was 
much greater than this; yet the action of the 
whirling force, by prolonging one range, and con* 
tracting the other, has occasioned the slower bul- 
let to be projected to the greater distance. 

And hence it may be concluded too, that if 
the longer piece be allowed a greater charge of 
powder than the shorter ; yet the same effect will 
follow, provided the velocities produced by tliose 
charges are within the limits described, in the pre-- 
ceding maxims; that is, provided the charge of the 
shorter be not less than one fourth of the weight 
of the bullet, nor tjie charge of the longer more, 
^than the whole weight of the bullet. The- truth of 
this principle I have frequently experienced, par*. 

R 3 ticulariy 



■ fi62 TRACTS 

ticularly in a comparison of one of the short six 
pounders lately cast at fVoolwichy /with a six poun^ 
der of the old fabrick, of four times the weight and 
near twice the. length. For these being both ele- 
vated to 1 1^, and the short piece loaded with llb^ 
of powder, end the long piece with 3lb. it was 
found, that the fourth shot of the short piece 
ranged 2432 yards, whilst the first shot of thrlong 
piece ranged only 2422 yards, and the third shot 
tjrom the same piece no more than g070 yards. 



MAXIM XV 
In distant cannonadings the advantages aris- 
ing from long pieces, and large charges of 
powder, are but of little moment. 

The truth of this maxim may be easily deduced 
from the preceding observations • as it thence ap- 
pears, that neither the distance to which a bullet 
flies, nor its force at the end of its flight, are con-, 
aiderably increased by very great augmentations of 
the velocity, .with which it is impelled froiti the 
piece, 

MAXIM XVL 
In firing against troops with grape shot, it 
will be found, that charges of powder 
much less than those generally used, are» 
the most advantageous. 

For grape shot fired with large charges are dis- 
persed from their intended direction^^ and the great- 
est part of them lost ; whereas with small charges 
they fly steadily and closely, and by that means 
make much greater ravage amongst the troops they 
are fired agamst. For it must be remembered with 
, regard to the force of the bullets j that charges of 
powder, extremely minute, are yet sufficient to im- 
pel either round or grape shot with more violence, 
t^n is necessary for giving: a* mctrtal wound. 

"^ ; MAXIM 
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MAXIM XVIl. 

The principal operations, in which large 
charges of powder appear to be more effi- 
cacious than small ones, are the ruining of 
parapets, the dismounting of batteries 
covered by stout merlons, or battering^ in 
breach. For in all these cases, if the ob-: 
ject be but littlie removed from the piece, 
every increase of velocity will increase the 
penetration of the bullet. 

This (after avhat has been said above) needs but 
little explanation. I shall only observe, that if 
the piece in question be 4 or 500 yards distant froni 
the object, then a reinforced velocity will scarcely 
produce any sensible augmentation in the depth, to 
which the bullet penetrates, X)r if the object be 
near the piece, but the parapet is so thin, as to be 
pierced through its substance by a bullet fired 
with a small charge, in th^t case a larger charge or 
a greater velocity, instead of increasi^ig the effect, 
will diminish it For the ravage occasioned in a 
solid body by 9. bullet, that passes through it, is 
always greatest, when the bullet ju^ loses its mo- 
tion at the last surface of the body. This is most 
evident in firine against butts of ijkrood or the sides 
of ships; for there the bullet, which has but just 
force to get through, generally breaks and splin- 
ters the last surface, and drives great shivers be- 
fore it; whereas, if it moves with much more force, 
and has thereby a considerable velocity left, after 
it has passed through j the penetration will be ge- 
nerally no more than a hole, which is in great mea- 
sure closed up too by the springiness of the wood*. 

R4 MAXnf 
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MAXIM XVIII. 

Whatever opqratioas are to be performed by 
aitillery, the leagt charges of powder, with 
which they can be effected, are alwaya to 

; be preferred/ 

For all addrtJon to the chaise, beyond what is 
BirfBcient for executing the purpose in band, is not 
' only an unnecessary waste of powder, but is at- 
tended besides; with n>uch more important disad- 
vantages ; since hereby the piece is heated, and 
strained, its recoil becomes more violent, its carri- 
age labours more, and is more liable to be disorder^ 
eil ; whence the piece is frequently silenced. And 
at best its service is much slower, than it would be 
with a smaller charge. If, besides these inconve-* 
iniiences, it be farther considerec^, , that the effect 
of the bullet is frequently diminished by augment- . 
ing its velocity ; it should seem, that the justness 
of our maxim was liable but to little contestation. 
But to leave no room for doubt, in a precept so 
much opposed to the modern practice, we will 
discuss it still more circumstantially, 
, The principal employments of artillery, are the 
canponading of troops either at a distance or near 
at hand ; the firing against ships ; the miniqg of 
defences^ or the battering in breach. Now we 
have already shewn, that in distant cannonadings 
large charges scarcely range farther than smaller. 
We have also seen, that in firing against troops 
within the reach qf grape-shot, small charges are 
the most efliicaciQUS. And ii) firing against ships, 
we have observed above, that the charge^ which 
is just sufl&cienls to impel the bullet through one 
side only, is more mischievous to the vessel and 
destructive to the crew than a larger charge, which 
should drive the shot through both. Hence then 
the ruining of defences, and the battering in breach 
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arc the two only operations, where it can be pre- 
tended, that large charges are of use ; but even 
these operations, when executed, as they frequent- 
ly are, at 4 or 300 yards distance, receive but 
little advantages from very great augmentations 
of powder. And since both the parapets of all for- 
tified places, and the masonry, which fuce their 
ramparts, are often ruined at these great dis- 
tances, where the influence of the largest charges 
is considerably abated ; it appelirs most adviseable 
to avoid the inevitable inconveniences of lars« 
charges, how near soever the batteiy may be to 
the place. For though with less powder the pene- 
tration may be somewhat diminished ; yet the se-» 
curity and dispatch in the service of tjie pieces wiU 
more than compensate for that deficiency, and will 
» be found, upon the whple, the most speedy and 
eifectual practice, 

MAXIM XIX 

Hence then the proper charge of any piece of 
artillery, is not that allotment of powder 
which will communicate the greatest velo- 
city to the bullet (as most practitioners have 
hitherto maintained) nor is it to be deter- 
mined by an invariable proportion of it» 

' weight to the weight of the ball ; but, on the 
contrary, it is sucn a quantity of powder, as 
will produce the least velocity necessary for 
the purpose in hand; and, instead of bear^ 
ing always a fixed ratio to the weight of 
the bullet, it must be different according 
to the different business, which is to b© 
performed. 

This maxim, I presume, will not be controvert-^ 
^d by those, who bav? attentively cons^dipred, what 

hath 
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hath been aheady advanced. But as it naay be 
expe6ted, I should give a more explicit determi- 
nation of what I deem tliie proper charges of 
pieces, in different circumstances ; I shall here dis- 
patch that matter with as much distinctness, as I 
can. Observing first that the powder, of which 
r*Jrt any time speak, is supposed to be made by 
the government's standarcl, of good materials, 
and to be in good condition at tlie time of using. 
And next that the windage be moderate : other- 
wise some addition nlust be made to the charges 
assigned in the following maxim. ^ 

MAXIM XX, 

No field-piece ought at any time to be load- 
ed with more than 4, or at the utmost r 
of the weight of its bullet in pow^der ; nor 
should the charge of any battering piece 
exceed 4- of the weight of its bullet. 

For if field-pieces of the customary length arc 
loaded with 4- of the weight of the ball in powder, 
I find this charge will communicate to the shot a 
velocity nearly approaching to that of 1 200 feet 
in a second ; provided the windage be moderate ; 
lyhich indeed in the greatest part of the modern 
pieces is exorbitant. Hence then, on our former 
principles, no greater charge should be allotted to 
any fiield-piece. And indeed when small grape are 
made use of, this is too much ; for then even the 
half of It is suflScient ; in firing against ships the 
powder ought never to exceed ^ of the weight of 
the balL For I have experienced, that an '18 
pounder, with only 3lb.4- of powder, will traverse 
a butt of the stoutest soundest oak, whose thick- 
ness does not exceed 36 inches. It remains then 
only to consider, what is a proper chafge for ruin- 
ing defences and Ib^ttering in breach. And jiere 

I am 
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I am confident^ both from trials of mv own, and 
from, the experience of others, that 4- or the weight 
of the bullet in powder is sufficient f6r piercing the 
stoutest masonry, with which any ramparts are 
faced, and though each shot separately examined 
will be less forcible with this proportion of powder, 
than with double the quantity (which is the charge 
recpmmended by many artillerists) yet the promp* 
titude and facility of the service will be so much 
greater, that the effect of a day's battering will be 
more considerable with this charge than with any 
larger quantity of powder. Having thus dispatch- 
ed the investigation of ^a proper charge, let us now 
examine the grounds, '^upon which some late artil- 
lerists have pretended to establish principles di- 
rectly contrary to those, we have here advanced. 

MAXIM XXL 

Although precepts very different from those 
we have here given, are usually advanced 
by artillerists, and are often said to be de- 
duced from experience ; yet is that pre-i 
tended experience altogether fallacious; 
since from our doctrine of resista^nce estab- 
lii^hed above, it follows, that every specu- 
latioq on the subject of artillery, which 
is only founded on the experimented 
ranges of bullets discharged . with con- 
siderable velocitiesjj is liable to great un-* 
certainty. 

For we have seen, that, when the velocity of 
the bullet exceeds that of 1200 feet in a second ; 
there will then cof respond hut very small differ- 
ences in the regular ranges to very great differences 
in velocity. And even these small differences can^ 
wot be cqlleiqted with any kind of accuracy ; since 

th(j 
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the rcgulac range? will frequetitly undergo much 
greater changes froni the action of the deflective 
force,, than the whole of tliose difterences artount3 
to. Aud let it not be supposed, that this incon- 
Tenience can be |>revent€<l i>y making a number of 
trialsy and taking the rdedium of them ; for the ir-r 
regularities in the repetition of similar trials are so 
very great, that the roediun) itself will vary con- 
siderably eaich. time, that a new set of the same 
experiments are examined; and tlie inequali iy hence 
arising will often greatly exceed those differences, 
which tliese mediums are intended to investigate. 
A§ an instance of what we have advanced, we will * 
here insert a set of trials made at IVovlwich in tlie 
year ] 7365 when six 24 pounders were cast of near- 
ly the same weight, but of different lengths. These 
were all loaded with the same charge, and were all 
elevated to 7°^; the length of each piece, and the 
medium of the ranged made with them on three 
different days, may be seeft in the following table : 

June 18th. Jul^ 2d, . 

Medium of Medium of 

three ranges. three ran|o;6S, 

Yards. Yards. 

2614 2406 

25 S2 2436 

2560 2500 

2494 2563 

2490 2466 

2473 245g 

Here it appears, that the medium of the ranges 
with the same piece is different on different days : 
and this not the same way in all ; but some of them 
aie larger, when others are less. And this differ- 
ence in the piece of 9 feet amounts to 296 yards, 
and in none of tliem, except the last, falls short 
of 120 yards. Now fi'om principles, we have ex- 
plained more at lavge in aijiother place,, it follows^ 

that 
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t^at the greatest inequality between the ranges of 
the longest and shortest of these pieces, supposing 
the shot to follow its regular track uninflueqced 
by the. deflecting force, will be scarcely 70 yards : 
hence then it is evident, that these trials 'are alto-. 
gether insufficient for investigating that inequality ; 
since evien the mddiams themselves Vary by above 
four limes as much, as the whole of it amounts to. 

It might have been expected, that a bare view 
of these ranges, as thcyaae inserted in the preced- 
ing table, might have evinced the impossibility of 
deducing any certain principle from such, discor-. 
dant trials. But the force of prejudice was so. 
giieat, . that it was hence conbluded, tliat tlK; pieces 
'of 9 and 9^ feet in length carried their shot, tlie 
farthest ; and thence it was presumed, that diose 
wiere the proper leiigths.of a* 24 pounder, and tiiat, 
whatever piece was either idnger or shorter, : was 
on that account less perfect, and iimpelled its shot 
with kss violence. Indeed, as tliese cannon .wei*e 
cast on purpose to investigate, what weue. the pros- 
per lengths of pieces ; it imight not perhalps have 
suited the great apparatus of the inquiry, nor the 
dignity of the inquirers, to have acknowledged af- 
ter all, that by the methods they pursued, the 
question could never be brought to a decision. 

About three years after the experiments, I have 
just no w recited, the same method of examination 
was prosecuted in France^ with regard to the pro^ 
per charges of pieces. And here again, by firing the 
same piece at a constant elevation, but with differ* 
ent charges of powder, it was pretendicd to be de- 
termined, that in most pieces, about a third of 
the weight of the buHet in powder was the proper 
charge, or the charge producing the greatest ve- 
locity. Of these trials I have seen a manuscript 
account; but the author has given only the iiiedir 
nms of the rknges ; and he informs us at the same 
time, that he first rejected those, which appeared 

1 greatly 
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greatly irregular, though what thdse ifregukr 
ranges were, he has not told us. By methods like 
these, all those false persuasions,, which we have" 
hitherto combated, have been greatly countenanc- 
ed ; for the inequality of the ranges in the repeti- 
tion of like trials being (as we have seen) so con- 
siderable, it was always in the power of a preju- 
diced artillerist to urge experiments in defence 
of his favourite hypothesis} since by neglecting 
those trials, which were inconsistent with his opi- 
/nion, on pretence of their irregularity; it was not 
difficult, amidst the great variety of ranges, which 
arise from the repetition of the same experiment, 
to find such, as would agree to almost every no- 
tion, that hath at any time been started upon this 
subject of artillery. 

It may perhaps be uged, that I myself have in 
other tracts compared the experimented ranges of 
proiectiles with the deductions from my theory, 
and have urged their general agreement as a con- 
firmation of the justness of my principles. Atid 
to this I answer, that, I conceive, I haV^e estab- 
lished my theory upon more certain experiments ; 
and that the only use, I make of the ranges of pro- 
jectiles discharged with great velocities, is to shew, 
that they are more consonant to my doctrine, than 
they are to one another; and though the mediums 
of the ranges^of those projectiles are not exact 
enough to evince the variation in the force of a 
shot arising from a small change in the length of 
the piece or in the charge ; yet are they sufficient ^ 
to shew the prodigious defalcation of the range by 
the resistance of^the air, and to decide nearlv, 
whether the law and quantity of that resistance be 
rightly determined by us or not. 

Upon the whole then,, as the writers on artil- 
lery in their speculations on the most eligible 
lengths of pieces, the proper quantities of powder, • 
and the preference of particular practices, have 

prescribed 
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prescribed no otter method for the examination of 
their respective opinions,- but the comparison of 
ranges made at the same elevation ; we may. thence 
conclude, that, when the velocity of the projectile 
was considerable, it was not possible they should ' 
have investigated these matters with any tolerable 
degree of justness : since we have shewn, that in 
great velocities the irregularities* of the experi- 
ments, even when the mediums of a number of 
them are taken, do greatly surpass those differ- 
ences, which the experiments are intended to dis- 

. cover. It is therefore not to be wondered at, if 
this vague method of examination, which, accor- 
ding as the trials were selected* might be urged in 
confirmation of different and ev^n opposite asser- 
tf6ri$ ; it is not, I say; to be wondered at, that 
this loose and inconclusive experience hath been 
urged in support of the most erroneous opinions, 
and by its authority with those, who were ignorant 
of its fallacy, hath greatly tended to the establish- 

• ment of the many prejudices and groundless per- 
suasions, which at present prevail amongst^ the 
modern artillerists. 

It is much to be lamented, that those who have 
been thus active in examining the ranges of pieces, 
for purposes which could not be answered there- 
by; should neglect to compare the Safne ranges 
with tlie established doctrine of projectiles. Had 
they done this, it would have been impossible, 
ithat the parabolic flight of shot, and the inconsi- 
derable effect of the air's resistance,, could have 
.l][een so generally and strenuously maintained. Since 
how awkwardly soever the experiments upon ranges 
are adapted to the discovering the variations of 
great velocities ; they are yet sufficient to demour 
strate the monstrous errors in the common re- 
ceived doctrine, and to evince the extraordinary 
power of the air's resistance upon the most pon- 
derous bodies. For the range even of a 24 pmm- 
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der, fired with a usual charge at 45^ is but littl« 
nrore thati a third of what, it ought to be on the 
parabolic hypothesis, if compared with 'the range 
at smaller elevations. •; 

Having thus, as I conceive, evinced the incon- 
clusivenessof the only species of experiments, which 
artillerists have hitherto prosecuted; it remains to 
point out a more indubitable method of examina- 
tion, by which all precepts land practices in this 
art may be clearly and incontestably decided. THis 
method (to which I have frpquently appealed in 
the course of these maxims) requires no more th^n 
the ascertaining the depth, to wnicih the bullet pb- 
iietrates in some substance of a uniform texture. 
Indeed, if much nicety be required, it is always 
possible to determine the actual velocity of the 
l^ullet in different parts of its track, by practices I 
have explained at length in another treatise. But 
the application of this contrivance to large cannon, 
requires a very expensive apparatus ; and there*-, 
fore, since we ate not now discussing this subject 
with geometrical rigour, we shall content our- 
selves with pointing out a more easy and expedi- 
tious procedure. 

MAXIM XXII. 

The depth to which a bullet penetrates in a 
solid substance, is a much more definite 
criterion of its comparative velocity; than 
the distanceit ranges to when firedat anfjle- 
ration. For, when the velocity of the bul- 
let is doubled, it penetrates itito a uniforrti 
substance noarfourtimes as deep, and with 
three times the velocity, near ninq tjihes ^s 
deep ; so that with different velociti?3 the ^ 
penetrations vary in a much greater propor* 
tion than the velocities thefiisclves. 

That 
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That the penetr^tioii$ fgllovv the rule laid down 
in this maxim, I have found by frequent experi- 
ence* : For in^t^ace, an iron bullet of I of an inch 
diameter, when fired against a large block of spund 
oak, hath with different velocities penetrated to 
different depths, from le^s than -5. ah inch to tea 
inches ; and the respective velocities being exami- 
ned and compared with the corresponding penetra- 
tions, it was found, that all the experiments were 
sufficiently consonant to this rule. The same 
holds true in bullets of any §i^e j for an eighteen 
pound shot, with a velocity of about 400 feet in a 
second, penetrated 3 inches 4 into a butt of seas- 
oned oak, and with about three times that veloci- 
ty it penetrated 34 inches into the same wpod. 

This law holds either inlarg^ or small velocitiea; 
at least I have found it take place, when the bul - 
let has moved at the rate of 2400 feet in a second: 
the reason of this, relation between the velocity of 
the bullet, and its penetration, we have discussed 
at large in another place; but that is a specula- 
tion not essential to our present views; it is suffi- 
cient for our purpo3e, that the maxim itself is war- 
ranted by numerous experiments. However, not 
to leave the. artillerist altogether to seek in this 
matter, I shall observe, that the resistance to a 
bullet in its penetrating a solid body, does not de- 
pend on the velocity of the bullet (very different 
in this circumstance from the resistance of the air) 
but is nearly the same, whether the bullet moves 
faster or slower. Whence it is not difficult to con- 
ceive, that since, when the velocity is increased, 
the resistance is not ; therefore the penetration 
will be augmented in a greater proportion than the 
velocity. ' 

MAXIM XXIII. 

Hence then in all contests about the greatc, 
or Jesrs velQcity^ which a buJkt acquii»0,» 

S f cora 



Its TRACTS 

Agaiil) if t?he '^rious •operations of ffuiihery W- 
(^uire diversity of charges, and if the cmrges ^ro- 
per for different purposes are rightly assigned by 
tis ; then those pvadtical artillerists, who have fes- 
iigned the same proportion of the weight of tlie 
feiillet in powder for every species of cannon, >n<i 
for every employment of artillery, and who have 
heeri in geheral so strangely exorbitant in their 
'detertn^natioft of that proportion, may surely be 
accused of no small want of skill ; and the prac^ 
^ct itself in these particulars cannot but be con- 
demned as extremely imperfect, itad liable to the 
greatest exception, both with, regard to its ceco- 
nomy, its facility, and its dispatcli. 

And though our view in this essay is to ani- 
madvert on those faulty principles, which have 
hitherto prevailed, and to establish a juster' theory 
in their stead ; for which reason we shall avoid in- 
sisting on other mistakes, that are to be met with 
in the modern practice, as they are rather defects 
in the mechanical part, than errors arising from 
wrong speculation : yet at the same time we can- 
not htlp observing, that even the usual methods 
of training up those, who are intended for the ser- 
vice of t^ artillery, do not contain either the in- 
struction or the variety of practice, which so im- 
portant a business seems to demand. 

I should therefore propose, that, instead of the 
puerile method of firing with a constant charge at 
two or three marks placed at known and invari^ 
able distances ; a more extensive exercise should 
be intloduced, in which the ranges, penetrations, 
•and deflections of pieces, firfed with all necessarv- 
diversity of charge, ^elevation, and distance, should 
'beexamined ; and- the result compared with the 
tprinciples, we haVe above inculcated. And as we 
flatter ourselves, that this diversified experience 
would confirm and' illustrate those principles ; the 
practitioner would heace .a^c^ire a true scientific 

dexterity, 



OF GU;^NEJIY. ^21 

dexterity, aiid would be hence.prepaEecl. readily to 
adapt his charge, 'tfi^yatlQn. &[(i.t6 * eveiy emer- 
gency of actual servipe/ ^Indfep'ff^t' jis high tiiiie^^ 
niat this 'most interestiiig art slpilld 1^ a^yaiicea 
to a state o]p more^peH^ction ^ for it is niatteV df 
astonishment to coiisider, that;*whilst otlier bmfe- 
ches of mechanics have received such numerous 
improvements, and have been so successfully cul- 
tivated, merely by the industry and labour of pri- 
vate persons, who had rarely any otlier incitements 
than the impulse of tlieir natural genius ; yet this 
science of artilleiy, on which the success of mili- 
tary enterprizes, and consequently the fate of 
nations, often depends, hath still been obscured, 
either by the uncouth principles, which prevailed 
above two ages since ; or by the more illusive re- 
finements of modern theorists. And this too, 
whilst in almost every part of Europe a very large 
proportion of treasure hath been allotted for its 
support, and a numerous body of men received 
considerable largesses and emoluments for their 
supposed dexterity and skill therein. It must how- 
ever be owned, that the present defects of this art 
are not to be solely imputed to the supineness and 
inattention of its practitioners ; since before the 
discovery of those principles, which we some years 
since published to the world, and which we have 
more popularly explained in this essay; it was not 

Eossible for the most diligent examiner to extricate 
imsclf from the obscurity and confusion, which 
he was constantly involved in, when he repeated 
the same experiment a number of times succes- 
sively. For the prodigious augmentation of the 
air's resistance in great velocities, and the deflec- 
tive force arising from the whirling motion of the 
bullet (both which discoveries we claim as our own) 
may be considered as the two capital points, from 
whence the solution of almost all these wonderful 
occurrences in the ranges of projectiles may be de- 

S 3 duced 
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duced, which, without the knowledge of these 
principles, appear little less than miraculous. But 
we apprehend we have been too copious upon this 
head already ; and shall therefore BOW conclude; 
the^e popular maxims. 
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PREFACE.' 



The following paper was drawn up near 
two years since; in conseq'uence of some ex- 
periments and speculations of a much older 
date. As it is customary for mankind to 
suppose no one skilful in any profession, in 
which he has not been regularly initiated, 
and to which he is not formally attached ; 
I did not expect, that this production, were 
it made public, would be considered other- 
wise than as the visionary notions of a specu- 
latisty utterly unacquainted with the subject 
he had undertaken to discuss. Nor would 
it hare been possible for me to have removed 
this prejudice by the most authentic proofs^ 
I could have given, of my attention and in* 
dustry in trying the various conclusions, on 
which the ensuing suggestions are founded. 
But having lately been favoured, by the 
Honourable George Anson^ Esq. vice-admi- 
ral of the Blue^ and one of the lords of the 
admiralty, with the perusal of a French ma- 
nuscript, taken on board the Mars man of 
war, I therein found recited a great' iiumber 
of experiments, extremely opposite tp the 

principles 
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principles inculcated in the ensuing paper ; 
besides seven^l important cohfirmations of a 
late reform in the service of the French artil- 
lery, analogous to what I have proposed. 
And therefore, as the authority of these 
French papers will, I hope, alleviate at least 
the censures, I might be otherwise exposed 
to; and as the particulars, they contain, are 
not, I think, unworthy public knowledge ; 
I have, on this account, ventured to publish 
the following tract; and have annexed there- 
to, by way of annotation, such articles of 
this French manuscript, as, I conceived, 
would fully confirm the positions I had ad- 
vanced, an4 wou Id thereby render the. mat- 
ter, I have treated of^ more worthy of future 
cpnsideration ; reserving till another time a 
ilnore ample account of all these French ex- 
periments, and the variouis deductions found- 
ed thereDn. 
I . .......■.,..* . . 
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X H E advantage of large cannon over those of a 
smaller bore is so generally acknowledged, that a 
particular discussion of it might perhaps be spared j 
but, as it may be necessary to recur tb the prin- 
ciples, on which tliis advantage is founded, in ob-. 
viating some objections, which may perhaps be 
made to the present proposal ; the author begi3 
leavfe to enumerate the particular circufnstaiices, 
in which heavy shot excel, together with the rea- 
sons of this superionty : and this, from the great 
number of experiments he has made on these siib-^ 
jects, he flatters himself, he ia. better able to do, 
than could be done by any one from the inaccu- 
rate observations of common practice only. 

And flM in distant cannonading : The resis*i> 
tance of the air to cannon-bullets, when they are 
fired with their usual allotment of powder, is so 
extremely great, that the distance, they range to 
at an elevation, is morp regulated by the degree 
of this resistance, than by the velocity they receive 
from the powder. And the larger buUets being 
fess resisted in proportion to their weight than the 
smaller, the distance^ to wliich these larger bul- 

1 leti 
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lets fly with the same proportien of -fewderp- -ex- 
ceeds the flight of the smaller ones, almost in the 
proportion of their diameters ; so that a 32 pound 
shot, for instance, being some\\'hat more than six 
inches hi diameter, and a95)oCind but four inches; 
the 32 pound shot will fly near half as far again 
as that of 9 pound, if both pieces are so elevated 
as to range to the furthest distance possible. 

And this advantage in the range of the heavier 
bullet is not easily to be counter- balanced by any ex- 
traordinary efi^brt given to the smaller bullet, by in- 
creasing th(j qy^tity of ^ itfi | ppw^r I fpr th9Ugh 
the swiftness of* the smaller bullet, at*its ts^uing 
from the piece, may be thereby greatly increased, 
yet, as has beexi already obscrv'erf, the distance to 
which the bullet flies at an elevation, is thereby 
but littbj.ipfluenced ; for all thi? increjjSie of celeri- 
ty is presently tftkcn away by the rcsls.taii^e. pf tlic 
air, which ji.icreja3es,muph^s^^^^^ T^is^ fpr in- 
stance, thpugh a hu)let. fired with r,Qf.itVweignt 
ijri powder lias doubtless a greater veloqity thap -tJ] 
sa/me bullet when, ftred yith pqly -j of it;^ w^*i^ht 5 
powder,, yj^t if their ranges At ten or fiftpei)^^ee3 
are compared togeth«::r, th^ certain differe;)pe bC" 
tweeu them wiff »Qt W. wprtt) regardiug^; forjt 
will xiot.l?/^ more thaoi tKc i^^^ 
happen in repetitions of.'the'pa^^ ,ti^ >^^^^ 

same piece, cWgc, ajiod'eleyaXiow.** • , 

• ' J . .^-' .,1.11 «.'»■■ • ■ ^^ J 

^' Tliisassortionv-howeycr ^ix^§fi H may apptf^r A^ .iut sigfit| 
is irrefraguWy eatabJished Jjy the jex pendente recite^ ifi the Fr\'nch 
manuscript mciiiioiicil in the preface ';' for there it ^pppars, tliat 
when a S4 ptnmdct was derated to fife dc<»tees, attd loaded sue* 
cessively wkh c^lit,niRC, ten^ iclcvcn, twelve, fourteen, sik^. 
tern, oighiteen, ^nd t^e^aiy pounds of powder, the ine^i^ 
range with eight pound); of powder W9^ cjf ht iiundrc4 f^iJiorty 
toises, and the medium range with tw.enty pounds of pawdcr 
was but nine hundred and seventy. Now the diftcrcncc between 
eight hundred and forty, and nine hundred amV serenty^ is <i«t 
so gpoat OS the diffcnciicc, whicb ^omctimei oecurred in thed^ 
triaU^ Qfk the repetition lof the ;»ame experiment^ I sbaU onlr 

add, 



5n 
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But this circumstance of ratiging farther in dis* 
taut catinonading is ^rhaps the least considerable 
pre-eminence of heavy shot ; for the uncertainty 
in this practice, especially at sea, is so great, that 
it has been generally discountenanced by the most 
skilful commanders, as tending only to waste am- 
ttiunitidn. The most important advantage of 
heavy bullets is this, that, with the same velocity, 
they break out holes in all solid bodies in a, great- 
er proportion than their weight ; that is, for in- 
stance, a 24 pound shot will, udth the same velo- 
city, break out a hole in any wall, rampart, or 
solid beam, in which it lodges, above eight times 
larger than will be made by a 3 pound shot ; for 
its diameter being double, it will make a superficial 
fracture above four times as great as the 3 poun- 
der (more of a smaller hole being closed up by the 
springing of the solid body than of a great one) and 
it will penetrate to more than twice the depth. 
By this means the finnest Avails of masonry are 
easily cut through their whole substance by heavy 
shot, which could never be effected by those of a 
smaller calibre ; and in ships the strongest beams 
and masts are hereby fractured, which a very great 
number of small bullets would scarcely injure. 

To this last advantage of large cannon, which 
is indeed a capital one, there must be added that 
of carrying the'weight of their bullet in grape or 
lead shot, and thereby annoying the enemy more 
effectually, than could be done by ten times the 
number of small pieces. 

These are the principal advantages of large can- 
non, and hence it is no wonder, that those en* 
trusted with the care of the British navy have 

always 

add, that both the quantity, and proportion of the ranges with 
dght, and with twenty pounds of powder, are extremely nca^, 
what I hare long since computed them at ; and that the whole 
of these experiments are entirdy consistent with the. theory both 
with the force of powder, and the re?istance of the air,' which 
I hare some time since established. 
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always endeavoured to arm all vessels with the 
largest cannon, they could with safety bear; and^ 
indeed, within these last hundred years, great im-^ 
provements have bee|ij made on this head, by re* 
ducing the weight of many of the species of can- 
non, and thereby enabling the same ships to. carry 
guns of a larger bore: and very lately the 6 
pounders in some of the smaller ships have been 
changed for 9 pounders of a lighter fabrick thati 
usual, which hath been justly esteemed a very 
great addition to the strength of those vessels. 

The importance then of allottinff to all ships the 
large3t cannon they can with safety bear, being 
granted ; it remains to shew, on what foundation 
a change is proposed to be made in the fabrick of 
all pieces from the 24? pounders downwards; 
Avhfercby all the guns from the present I expound- 
ers downwards, tnay be changed for others of the 
same of less weight, but of a larger bore. This 
proposition turns on the following considerations* 

The species of cannon proper for each ship is 
limited by the weight of the pieces, and when the 
.charge and the effort of the bullet are assigned, 
this weight in each piece is or ought to be deter- 
mined by the following circumstances. 

That they shall not be in danger of bursting. 

That they sliall not heat too much in frequent 
firing* 

And that they shall not recoil too boisterously. 

All this is to be done by a proper quantity of 
metal properly disposed ; and when the pieces are 
secured from these accidents, all addition of metal 
beyond is. not only useless but prejudicial 

Now. what dimensions and weight of metal are 
more than sufficient for these purposes, we may 
learn from the present practice of the navy in the 
fabrick of the 32 pounders, the heaviest guns in 
common use ; these are made to \vcigh, if the au- 
thof s information be right, from 52 to 53 hundred 

weight ; 
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weight ; that is somewhat less than a hundred and 
two thirds for each pound of bullet 

From this then the author concludes, that any 
smaller piece, made upon the model of these 32 
pounders, and having iheir weight proportioned in 
the same manner to the weight of their bullet, will 
' fully answer all the purposes recited above, and will 
be of unexceptionable service. - 

And he - founds his opinion on these two prin- 
ciples. 

First, That the strength of iron, or of any other 
metal, is in proportion to its substance ; so that, 
for instance, where it has half the substance, it has 
half the strength ; and this, supposition he pre- 
sumes, will be sciircely contested. 

Secondly, That the force of different quantities 
of powder fired in spaces, which they respectively 
fill, is not exactly in the proportion of those quan- 
tities, but the lesser quantity has in proportion the 
least force: that is, for instance, the force of 
one pound of powder, in like circumstances, is 
less than half the force of two pounds. And this 
principle the author has deduced from many re- 
peated and diversified trials of his own ; and he 
believes, it will be found agreeable to all the ob- 
servations, which have been made, or shall be made 
on this subject. 

From these two considerations, he hopes, it will 
be granted him, that if two pieces, a large one and 
a small oae, are made with all their dimensions in 
proportion to the diameter of their respective bul- 
lets, and consequently their weight in the same 
]>roportion with the weights of their bullets, then 
the larger piece, with the same proportion of pow- 
der, will be more strained, will heat more, and 
recoil more than the smaller. 

Hence then, as we are assured, that the present 
:V1 pounders are of a sufficient strength and weight 
foe all marine purposes ; we have the greatest rea- 
son 



* 
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son to suppose, that if all the pieces of att inferi- 
or calibre were formed upon the same model, mea- 
suring by the diameter of the bullet, these smaller 
pieces would not be defective in either strength or 
weight, but would be to the full as serviceable on 
shipboard as the present pieces, which are.so much 
overloaded with metal. 

The author's scheme then for augmenting the 
force of the present sea-batteries, is no more than 
this plain principle, that all ship-guns should be 
cast upon the model of the 32 pounders, mea- 
suring by the diameter of the respective bullet ; 
so that for each pound of bullet there should be 
allowed one hundfed and two thirds of metal 
only. 

The advantages of this scheme will appear, by 
the following comparison of the weight of the pre- 
sent pieces, with their weight proposed by this 
new fabrick. 

Pieces. Weight now in hundreds. Ditto by new fabrick* 

24 48 to 46' ' 40 

18 41 to 39 30 

12 34 to 31 ^0 

9 ' 29 to 26 15 

6 24 to 18 10 

Hence then it appears, that the 2J? pounders 
will be eased of six or eight hundred of useless i; 
metal ; and that instead of those of an inferior T 
calibre now used, much larger ones of the same 
weight may be borne, especially when it is remem- 
bered, that this computation exceeds even* the 
present proportion of the 32 pounders; so that from 
the above projected 1 8 pounders, for instance, twp 
or three hundred may be safely taken. 

The changes then proposed by the author arc 
these, 

Fot 
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^oqders. , , Hondr^d^ Pounders. Hundreds, 

iFoir 6 <rf 24 and 1^ Nqiw^. 1^ of 20 ' 

9 29 and 26 1^ 28 

. 12 . 34 and 31 18 28 > ^ 

18 41 and 39 24 40 






The 9 pounders lately cast, being, as the author 
IS informed^ still lighter than what is here repre- 
.l^nted^ they may perhaps be only transformed iivr 
to 12 pounders ; but this will be a very great adf»- 
dition of strength, and the 12pounders thus borne 
will be considerably lighter tnan the smallest ^ 
pounders now in use. The weight />f ^"^ present 
3 pounders are not remembered exactly by the aiir 
thor; but he doubts not, but they are heavier 
than the proposed 6 pounders, and may therefore 
be changed for them. ,...,, 

That-many objections will be made to the pre- 
«nt proposal, is not to be questioned ; but as thj^* 
%ill equally ;hold against the use pf the present . 3? 
pounders, which are known to be guns of unex;cep* 
tionable service, that, alone, it is conceived, wUl 

, be an answer. r:- 

, If it be supposed (as ancient practice is always 
favourably heard) that the excesses in the propqpr 
tionate weight of the small pieces must have ^efu 
originally founded pn some approved principle^ . ^r 
otherwise they could not have been brougnt into 
use. It may be answered, that a hundred years 
since there were 4 pounders made use of, whic^i 
were heavier than some of jthe present^ pounders, 
and had the same prescription to plead in their be- 
half. Perhaps the origm'of this excess in the 
smaller pieces may bfe iccoun1:ed for by supposShjj^ 

, that when guns are used , in batteries on "shpre^ 
their length cannot be in proportion to the diarnr 
cter of their bore ; because the parapet being' rf 
a considerable th'ickti'eiss, a short piece would by 
its blast ruin the embrasures ; and the smaller piieKiie^ 

T being 
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bdtig for this rfeason made ni^krly of the same 
length with the larger, did hence' receive their ad- 
ditional weight" of metal. But this reason holds 
not at sea, where there is no other exception ^o the 
shortness of tile piece, but the loss of force, which, 
in the instances here proposed, is altogether m- 
iibhsiderable.' For- the old 1^ pounders, '- for 'ex.- 
Si^fple, Wing in length from nine* feet to nine and 
ai'half; the new ones here prtxijosed will b^'ff&'rfi 
seven* feet tosevdii and a half long. Th'fe^ differ- 
ence in tlie' force bf the bulletj''feed froin'-it'bese 
'diflFerent pieces^ is but !ittlfe' ; aiid it will hereafter 
%'ppear, tiiatiti'tlte present subject much greater 
idifferences than' these 2ke of no consequence. • \ * 
"^ If it should • be said', that the new fabric here 
|jr6posed must have thfe preset t 'allowance "ofpowr 
der (which in the s^nialler pieces'-is half the^ireight 
T)f tne ball) diminished, arid' -that it' miiksith^ re- 
duced to the; rate cff 35 "pounders; WhicH'% tmljr 
*ieven sikteehth's of the weight or the birfly Jt' Is 
■answered, that if the poxvder in- "all • ship^b^rittph 
whatever, xVas' still farther reduted to otie'thirtf 'of 
the weight, of the ball, or even less, 'it wbtlld-be 
UxonisideraMe advantage, nbt ofily by the 'saving 
^f atnmiinitiori,' but by keef>injg the ^litis cb'0l- 
^f-*and (|uieter, ■ and at the same tiftie ta6*i% tf- 
fecCiially irijiiririg' the vesseto of the'ebcnjy*; ifor 

.f *iTiie change propqsed bei:ef,.af.re4ucing the q«antit;|r <}} 

*()6W^er in all ship-gun's fo one third' bf the weight' of tne l^ullcft 

Jiaa for s^onie fistie pajt been practlodA* by the Ftench jrf % xhnch 

-sevisrerservlcc, nrher^ the incrtoing the velocity ofthe ballot Cdnld 

-|iot a^ any tiin.q:4in9inish its efl'ect ;. the service^ I mefn, fo Tiai- 

teeing in breach, For I learn fron^ fhe/premcntioued frcnck 

in&tiiiscriptl tha^ of late years all their breaches, in the dilTeiront 

•iegcs they have ' undertaken, .have bein made witK- thirfVety 

cihto^e, thitis, their 24 pounders have been loaded with :eight 

.poutids of powder, and they liave (ound^ thatthougb tjbe ^m^ 

.tfatibn of the bullet is less with this charge than with a larger 

^,S^> yet the other conveniences, attending th^ smaller Ghjii:g4 

Wre more than sufficient to balance ftiat Imfticdar; * ' '•'•-* * '* 

l- *• V And 
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trith the present allowance of powder the gufis 
are heated, and their tackle and furniture strained^ 
and this only. to render the bullet Ibss efficacious^ 
than it would prove tf impelled by a smaller charge; 
Indeed in battering of walls; which* arc not to te 
penetrated by a single shot from any piece wiiati 
ever, the velocity lof the bullet, how much soever 
augmented; still produces a propoitionate cfK;p^ 
by augmenting the depth to whifch it penetrates f* 
but- the sides of the strongest ships^ and the greati^ 
er part of her timbers are of a' limited thickness^^ 
insufficient to stop thc^geherality. oC cannon-ibiil^ 
lets^ fired at a reasonable distance, even with'/iSt 
less charge than is : here proposed. ::And[ it i«..^ 
matter of experiment, that a bullet^ which can but 
just pas^ through a piece pf timber,' and loses lal-i 
most all its motion, therehyi, has a much better 
chance 'of rending and : fracturing: it; than ^if it 
passed through it with a much greater velocity. 
■ That a better^ jfadgmentr may be made of the 
rea^nabte&ess ofithisfiip^. uJation, the author thinks 
proper to add (and he believes future experiignce 
will not contradict him) that a 12 pounder, : as 
here proposed, which is one of the smallest pieces 
at present under considerktion, when chargecl widt 
one third of the weight of the bullet in powdery 
will'penetratea beam of the best seasoned, tough-^ 
est oak, to more tha»twenty inches depth ; and 

2 if 



And here I must obserre^ that there hare not been wanting 
persons of considerable name, who ha^e asserted (as appeam 
from the manuscript in question) that the Telocity* of a 24 pound 
bullet wasreall J greater with eight pounds of powder than with 
any larg^ quantity ; foundihg their opinion on the ridicufous 
persuasion, Hiat whatever quantity was put in, no more than 
eight pounds of it took fire. Btit this position is destroyed by their 
own experiments, and their own reasonings; and later experi^ 
ments, made with greater attention, put it b^ond all doubli 
that to the larger charge (at least as far as ^eaty ponvds^ of 
powder) there* corresponds a greater Telocity. 
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if, iqstetd of one solid beam, there are a number 
pf Amall roneS) . or of planka, laid together; then, 
allowing for the rending and tearing, frequ^t iu 
such case's^ he .doubts not, but it will often go 
tibrough near double that thickness, and tjbis any 
i;idbere vjthiaa. hundred yards . distance ; th^t is, 
any5 where within that distance, .which the most 
^perienced oiEcers. hav< recommended for naval 
cngagetBents. In the same distAQCjEi a bullet from 
the IS pounde^Fs new in use, cj^arged with half 
^ weight of powder, will penetrate about. . one 
third part deeper: but if; the efforts of ^achrpiece 
ar&<:ompared together at! .five hundred. ya.rd$ disf- 
tance, tne differences of *^:their forces Will, not: be 
considerable. If this be so,, it will not be ass^rted^ 
I imagine, that the 12 pounder here proposed is 
kjBS^ useful, or. less efficacious,, for all ni^v&l pur-» 
poses, than the :wcightier::J2:poundet; hitherto 
made use of; . -: .. : . 

. Tne authdr has. in this^ proposal fixed on:kh^ 32 
pbunders as the standard ^;&>r .the rest;,, because 
they have been authorised *hy long experience. 
But froin the trials he h^ made, he is well satis- 
fied, a much greater reduction of weighty thpn he 
here proposes,, might safely take place ; and that 
pneibuirtb,' nr. even one fifth, of the weight of the 
builet in powder, if properly disposed, is abun^ 
dantly sufficient for every species of i^p.-rguns*. 

' . However, . 

't 

* This opinion is not advanoed at rftiidoro* I hKTe niyself 
procured to be cast a.4. pounder, of . iron,, weighing about two 
hundred weight, which is not oiie third of the weight here^ pre^ 
posed : As likewise two others, one of about three hundred 
weight, and the other about four hundred. That of three hnn^ 
dred weight, being fired with tweWe ounces of commoa pow^i 
der, went through, at the same time, two planks of very soimd 
oak of four inches thick each, and a beam of the same fourteen 
inches thick, being in all twentj two inches, and .afterwards 
buried itself iaAjiaiik of earth/ And this it likewise did on a 

. . second 
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ttbweye'r, the author is far. from desiring, that 
his speculations should be relied on in- an affair of 
this nature, where he pretends not td have tried' 
the very matter he proposes, but fdtinds his'bpi* 
nion on certain gieneral principles and collateral 
experiments, which, he conceives, he may apply 
to the present case without error. He would him- 
self recommend an experimental examination of 
this proposal, as the only one to which credit 
ought to be given. What he intends by the pre- 
sent paper, is to represent it as a matter worthy 
^f consideration, and really such as it appeared 
. to hinri. If those, to whose censure he submits 
it, are of the same opinion, there is an obvious 
method of determining, how far his allegations 
are conclusive ; and that is by directing one of 
these pieces to be cast, a 12 pounder for instance, 
and letting it^be proved with the same proportion 
of powder, allotted for the proof of the 32 poun- 
ders. Then if this piece be fired a number of times 
successively on a carriage, and its recoil and de- 
gree of heat be attended to, and if the penetration 
of its bullet into a thick butt of oak beams or plank 
be likewise examined ; a judgment may thence be 

T 3 s formed, 

second repetition, when it broke off a piece of the beam of a 
quarter of a hundred weight, and drove it to above ten yards 
distance. The first and second of these pieces, on repeated tri- 
als, burst ; but the last of four hundred weight continues still 
entire, and is, I conceive, as serviceable a field-piece as any 
whatever, notwithstanding its lightness. For with nine ounces 
ib( powder it throws its bullet point blank, as it is called, three 
hundred yards. And it will bear proving with twice or three 
times its proper charge. Indeed the other two, which were 
lighter, did not fail, I conceive, from a want of sufficient sub- 
^ stance, but from a particular mistake in their fabric. However, 
the heaviest of them is but about one quarter of the weight, 
they are generally made of ; and consequently, if capable of 
|Mrop«r«s«rYice| m^ht in particalar emergencies be of infiiilt# 
nic. 
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formed, of what may be expected from the piece 
in real service; and the result of these trials will 
be the most incontestable confutation, or confir- 
mation of this proposal 
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A LETTER 






A Letter to Martin Folkes^ Esquire^ Frestr 

ft . • ••: • i'*^^'* ■ I y . r ■ f 

£?ewif of /Ae Roi/al Society^ in Ansti^er:,iQ 
one ofhis^ inclosing a written Message from 
the Chevalier D'Ossorio^ Envoy from the 
King of Sardinia. 
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SIR, ...... ... wo 

•■'-''. ' ■ r •■*^* 

X HAVE received a letter from you, • inclosmg a 
message, ybuh^ve received from his fexcellency thfe 
Chevalier I)'Osso RIO, who, it seems, is diesirblft 
of having a copy of q. pap^r presiented to the Rdy- 
al Society in relation to the proper charge of cs^r 
non : and which, you conceive,. Sir, is my Ifettef 
to Lord Anson of March lastr As I esteetri rty- 
self greatly honoured by this request; I canhojt 
but desire, that his excellency might have a copy 
not only of that, but of aiiy other papers of niine 
relating to this subject. \ For as his Sardinihh 
majesty's curiosity appears to be founded on sortie 
experiments made by his order ^t Turin ; lam 
willing to hope, that this enquiry may give rise 
to still more decisive trials. And that the cloc- 



trine, I have advanced, may thereby be at mj 
established beyOnd the reach of contradiction. 
But as: the consideratioto of the proper charge olF 
cannon,: to which this messgige relates, and about 
which the experiments at Turin have^ been em- 
ployed, is a matter only oceiSionaLlly men tieiii^ 
m my papers ; I be^ leave to explain myself mbr^ 
at Ij^rge to you on^'thi^'head, than T have yet rfonei 
^mi; to establish the iriie' frtli(Ji^e$, on WhicK'tl5| 
investigation oughtto turti: ^'.Thia I shall titidyr;.' 

takei^h xftftf^bbldlifete; WT^aa^Wiiidenif 
i-> T4 it 
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it hk§ not fiithcrt6 been understood. And that all the 
experiments, I have ever yet heard of, which were 
made with this view, are Extremely fallacious, and 
incapable of determining the point in question. 
And I think, it will be no improper method of 
treating this subiect, first to. consider the erro- 
nepus maxims and inconclusive experiments, which 
have been usually adhered to ; before I undertake 
to prescribe the genuine idea, which ought to guide 
us in the prosecution of the present enquiry. 

Those, who have attempted to assign tne pro-« 
per charges of cannon, (and there are few artillery 
ists, who have not been engaged in this attempt) 
th>o?e, I say, M;ho have hitherto laboured \n this, 
in'atter, have usually supposed, that ii^ every 
piece there wa^ a certain charge of powder^ which 
would give to the \ bullet a greater velocity than 
^.ny 'other (^[uantity of po\«rder, either greater or 
less^ And it hathb^en generally: conceived, that 
ijiis charge, producing the greatest velocity, waft 
that, where aU the powder took fire. Now in cjon-? 
jSrmation of these opinions, some of the morein-t 
du^tripiis artillerists have fired tlie same piejqe of 
Cajinon at an unvaried elevation, with different 
cWgJB? of powder gradually iqcreasing in quantir 
ty; and they have pjetended, that after using a 
c^TtklrX charge, the range of the piece rather di- 
minished than inpreased on augmenting the quan-. 
tity of powder, Hence they have concluded, that 
this charge, which it was supposed ranged the bul^ 
let * farther than any other quantity of powder 
wovila do, w^s, thp true and genuine charge pf the 
piece Jh question. But these opinion? are all en- 
tirely, errctneo^Sj^nd the .experiments fallacious. 
For neither is th^re any such charge, as will give 
^0 ,th^^ h[i;llet a greater, velocity, than would be 
jMTQ^^ed hy^ '9.Jgsr. quantity of. powder (at least 
nqt ^withiii^ ; t^^^ it has been usually 

8V(ivoac4j|^QrJi?»:;tl|e,C of th^/ppw^ 

; '' ' ' * ^ . - der 
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der any thing to do with the detenninatioli in 
qtiestioTi, Nor dp the experiments generally suc^ 
ceed in the tnanner abovc-naentioned. Nor can it 
be always concluded, that the bullet, which Tang* 
ed farth^t, was discharged with the greatest velo^ ^ 
city : so that not only th^ principal suppositions, 
on which the investigation of this proper velocity 
hath ^ith^rto been founded, are faulty; but al) 
the superstructure is equally exceptionable, As, 
I hope, will suffici?titly appear from the following 
considerations. 

For as this proper charge, producing the great** 
est velocity, hath been usually supposed to be be- 
tween two thirds of the weight of the bullet, and 
one third ; I am fuUy satisfied, from numerous 
trials, that if, in small pieces, the charge be augt 
mented greatly beyond these limits, the velocity 
will be thereby considerably increased. For in*? 
Stance, a common firelock, with a fit leaden ball 
»of twelve to the pound, vith a charge of one third 
of the weight ot the bullet in powder, will be im-» 
pelled with a velocity of about 1500 feet in 1*, 
with a charge of half its weight in powder, its ve* 
locity will be about 1700 feet m 1* ; with two thirds 
of the weight of powder, its velocity is about 1900 
feet in .r ; but with twice the last charge, or one 
and a half the weight of the bullet,- its velocity 
will be above 2300 feet in 1% And this last pro- 
portion of powder being double the largest quan* 
tity hitherto supposed for the proper charge, or 
for the charge productive of the greatest velocity ; 
it hence follows, that all the former determinations 
about this matter are extremely erroneous: 

If it should be said, that m larger pieces the 
3ame conclusions will not hold, but that there 
an increase of powder beyond the customary 
charge (for instance more than 4. or t of the 
weignt of the bullet) wiH not augment the veloci- 
ty ; ;| answeiTj^ that, I w^ knowy thai inpieee^ 

whose 
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whose lengths bear a less proportion to the diame- 
ters of tlieir bores, the variation of velocity in the 
:preceding instancies would be less considerable- 
But that even then there is an increase of velocity 
•always attending the increased charge, for the 
truth of which I appeal to vulgar and obvious ex- 
periments. For instance, in the proving of pieces 
.with the weight of the^buUet in powder (aai| some- 
times the practice) it is always found, that the rcr 
coil and beat of the piece, and consequently the 
action of the powder on the bullet, is more for- 
cible; atid in this circumstance the increased ac- 
tion of the powder cannot but produce an increase 
IP the velocity of , the bullet.. 
- To ascertain this point still more incontestably, 
1 wpuld ad visp^ those, who imagine, that the weight 
of the bullet in powder does not produce a greater 
yelocity than that of half the weight, to fire a 
piece of cannon with these different charges against 
a bank of earth of a uniform consistence, or a- 
gainst a butt of timber, and, examine the different 
penetratipn of the bullet, taking care that the ob- 
ject, whatever it be, .may not be farther from the 
piece than fifty yards. This experiment I have 
-tried with a small piece, with all the care I could, 
making use of bullets of iron, which were turned 
to the bore ; and I found in a piece of about thirty 
diameters, in length, (which is vejy near the pro- 
portion of a common six pounder} that, if I first 
fired it \yij;h half the weight of the bullet in pow- 
der, and measured the penetration into a beam of 
yeiy tough oak placed, abput ten yards distant, 
I could afterwardS) by augmenting the charge^ 
make the bjdlet penetrate more than, half as deep 

a&rain.^ • ^ 

This may suffice to .evince Jthe falsity of that 
comip<JiJy;irpceived principle, of there being a ceri 
taip ,c^i2^?g§ . tpevery -piep^jv which will produce (i 
^reat(?r,i.y^.Wit3rJb^a Wy,,oth^ quafttitirii^f i)o^y> 
. . ,/ . dcr, 
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der, cither • greater or less. Indeed I deny not, 
there is 3uch a charge in every piece, but it is 
much more than any that is made use of, either 
for service or. proof; and: what no piece cast with 
the usual dimensions can sustain. For it is such 
a quantity of powder, as will fill up nearly 4 of 
the piece j ana consequently is too much to he 
ever applied for any practical-purpose whatever ; 
and tnerefore can be of no assistance in the ex^- 
amination of the present subject. ■ \. 

The very first supposition, then, on which the 
determination of the prpper charge hath hitherto 
proceeded, being thus, as I concieve, overthrown ; 
It remains to examine the experiments, to which 
the followers of this opinion have tecurred in sup-' 
port of their doctrine : that is to say, the experi- 
ments, where the same piece, fired at a given ele- 
vation, hath ranged its bullet farther with this 
imaginary charge, than with a greater quantity of 
powder. And, with regard to this argument, t 
assert, that the whole tenour of it is fallacious, 
and has no other foundation but the irregularity 
of the. ranges of the same* piece, . though charged 
and pointed in the same manner; which, as I 
hav« formerly explained to the society, is owing 
to the deflection Of the bullet in the air from its 
original direction. Hence it happens, that the 
ranges are no measures of its original velocity ; 
because sometimes by a favourable deflection the 
smaller velocity may range farther than the larger. 
And I assert, and have many experiments to pro- 
duce in support of this assertion,, that ajl the pre-?^ 
tended proofs drawn from the experime4ts on the 
ranges of cannon, are made out by taking those 
ranges only, where the deflection was favourable 
to the hypothesis in question, neglecting at the 
sanie time as irregular, those where:;the result was 
contr^^ry to it. . For the whole strength of this 
reasoning has; geneiaUy turned upon a diiferenoe 

of 
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of loo or llOO yards in the raises. And I have 
by me a set of experiments made, as I conceive^ 
with sufficient care, where a £4 pounder, elevated 
at 7^T, and charged each time with the ^ame quani^ 
tity of powder, hath in one shot ranged its bullet . 
' fiSOO yards, and the very next timc; the range hath 
been more than 3000 ys^rds. So that the range, 
with the same piece, elevation, and charge, doth 
sometimes differ four or five times as much as the 
casual differences, on which the opinion, here op*» 
loosed, is pretended to be founded. 

If then the very idea of a proper charge, con* 
ilidering it as productive of the greatest velocity^ 
is itself chimerical within the limits of any prac^ 
tical determination ; and if the experiments, urg- 
ed in support of it, are such, as naturally arise 
from the necessary irregularity, which always oc»- 
curs in the comparison of distant ranges ; it may 
perhaps be askeq, on what principle the proper 
illotment of powder can be assigned, or what 
oircumstances there are, that can at any time de- 
termine the proportion necessary to be observed 
between the weight of the bullet and the charge 
ofpowden 

And to this I answer, that the onlv maxim^ 
which can assist in fixing such a determmation, is 
this : that every effect to be produced by the use 
of fire-arms, should be executed with the least 
powder possible, not only as hereby much ammu^ 
nition may be saved, but also because with small- 
er charges the piece is less he'ated and strained, . 
the service of it is more prompt, and the flight of 
the shot is much more steady. . 

Now from this maxim it follows, that, accord^* 
ing to the different purposes, to which artillery 
is applied, different charges ought to be made use 
of. For inatance^ the resistance of the masOnry^ 
with which the ramparts of 'fortified places are 
usually facedfb^ingnmch greater thaa^^bM^ tb« 
'• ' sides 
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sid^s of ihe- stoutest ships ; the allotment of 
powder for 'battering in r breach, and for firing 
a^inst shipping) ought to be different. And' 
the resistance of human bodies being still greatly 
shiort of either of these ; all field -piec^ or 8uch^> 
as are u^ed against troops, ought to be charged 
with a yet smaller proportion of powder. And 
though in these cases there is no absolute invari«- 
afaie standard to be assigned ; yet I conceive; that 
something: not Tery4iistant from the truth mRy 
be deduced 'from considering the hmits, within 
wlfich ail: the three forementioned operations are 
contained.' ■.,.'... 

For as to battering in • breach, I well know, that 
in most of the sieges^ which the jPrewcA have lately 
undertaken, they have s'ucceeded extremely well 
with one third of the weight of the bullet in pow* 
der. Indeed tbi difference in force betwixt a buU 
let fired with one third; ' of its^^ weight in powder; 
and two thills, i& so v»ry little, that the other ad-* 
vaintages of the smaller charges greatly overba- 
lance it ; -and therefore it ought to be allowed as an 
invariable rule, never to exceed this proportion of 
one third of the weight of' the bullet m the service 
of any piece of artillery whatever ; no not under 
any pretence of the ^great distance of the object- 
For I know, that, in'great distances, the augment* 
ing the ^uatiitiiy of powder is only an imagiinary 
advantage. •' ^ 

With respfcct to the firing at ships, especially 
with heavy cannon, ' I could wish the charge waiJ 
still farther diminished to a fourth or fifth ; for I 
am satisfied from my own experiments, that (not 
to mention the other advantages) the havock made 
by bullets fired with those smaller quantities, would 
be much greater, than what is produced by the 
enormous charges now in use. 

And lastly, as to the firing against troops in the 
open field, it is difficult to conceive, how very 
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small a proportion of powder will give to A builet 
such a force, as will fender it mortal to. those it 
strikes. For it appeared by experiments formerly 
exhibited before the society,, that an ounce of pow- 
der in the chamber of a small mortar, threw a S4 
pound shot to above 240 yards. This bullet then 
received from- the action of the p!6wderjas great a 
force, as iti would have acquired by iieJjHng from a 
height eqwal to that of St. Paulas cliurdh;:^ And; 
it is sufficiently obvious, that a heavyt bullet, let 
£ill from such an . eminence, must ' hdLv& killed any. 
person it/had fallen on. And lest it ntay be sup^ 
posed, that in this case the weight of the- bullet 
Uiight- contribute more to' the stroke than its cele- 
rity, i must add, tliatia fit bullet, ^fced-from a 
musket of the. frommon calibre with:^.partof its 
weight in powder, will go , through a plank of fir 
of: above an inch thicky .and . will . doubtless pro- 
duce a mortal wound in any,vital part of the body. 
For it will pienetrate into any iSOit substance near 
ten times deeper than a bullet discharged from the 
best cross-bow, I have ever yet, met with, which 
yet is usually esteemed a mortal weapon. And 
comparing together the Various experiments J have , 
inade, and the different circumstances rfecessary to 
be considered, lam fully sati36ed,'that nofield-^piece, 
wbether fired with round*shot or with grape-shot^ 
oughi ey/5r to be allowed: more than^ of the weight 
of the bullet in powder, and when troops are near, 
and grape-shot is of use, ;even -rV of the weight of 
the bullet will do great execution. For by large 
quantities of powder, grape-shot is often dispersed, 
and rendered ineflfiectual; whereas with smaller 
charges it flies more steady and compact, its di- 
rection can be more relied on, and the ravage 
it makes amongst troops is more terrible l)y its 
falling dire<;tly upon one particular part, and 
thereby opening the line. And this smallness of 
the charge too, requisite for field-pieces, wlienthe 

reasons 
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riefes6fis»of it shall be once well understood, and the 
practice established," will enable them to be madfe 
extremely light, and! will thereby; render their 
transportation and service tnuch more ifeasy, than 
it ^has been hitherto ; and"will likewise » produce 
many other advantages* 'liiDt necessiary to be bere 
recoUiiteicl. • • - " - > - ■. 

I am istenSiCle/* that with respect t61:he dimitiish- 
Ing th$ weight of fleld-pieccis, -^many ^att^riiptls 
have beeri titade towards k A^ithiri the last- fifty 
years. But the general mistake of those, who- have 
engaged in Jtj' hath 'b^SeneithfertheTsei^i^g -these 
lighter pieces, with 'the sartife large diar'ge allotted 
to the heavy otiies;"' or if 'the^ did "dimmish the 
churge^ the insfetii?i* that With^tfeis' 'diminished 
charge the bullet Wias' nit' so strongly impelled as 
With a greater quantity ' of ffeWder. • ' Biit this last 
assertibn^' as it was'^an iiisupportable falsehood, 
laid the'rti' under gi^at^ difficultiejs,' and ga\^ the • 
officer^**df artillery (who, from a religious attach- 
ment to \ the practice of their predecessors, -we/fe 
more usually tlicir declared enemies) great advaiSi» 
tages over them. ' ' 

If it should be uftged, that though the small 
charges; 'I^hate-here t^co^mehded,- isir^ sufficicriit 
for doing^ex^ecutf on liiiir at hand ;^ yet- they afreiro 
ways sa;rfa^teld tO tW' ptr^poise ttf distant canndil- 
adingS:- t answer, iri*» the fh^t plaw, that these 
di^tant^ c^nnonaidin^s^ are rarely of 'consequence, 
and therefore are not pfoperfy the considerations* 
onwhichthe present matter ought to be decided. 
But farther I assert, 'that the difference in the 
ranges; -^r itv the forcie of the bullets at a distance, 
when fired with 4 of their weight of powder, fdir 
instance, or with ^, i?^ t6'6 inconsiderable to merit 
attention." For from the principles I have formerly 
estabhsh^dy it follows, that a 4 pounder elevated 
to 10**,' ^tfd fired with the smaller of the^e chargesj 
ought to range about a fifth part short of what ft; 
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would do when fired, with the larger, and at th6 
end of these redpective ranges th^ difference in the 
velocities of the bullet will be insensible* 

This, sir, is the substance of what hath occur- 
rfed to me, on the present subject ; every part of 
which, should it be doubted, I can undertake to 
evince by unquestionable experiments. If this let^ 
ter appears too prolix, considering the great aim^ 
plicity of the subject, I must excuse . myself by 
observing, that it is^ a misfortune common to all 
those, who have first reformed any branch of sci- 
ence, to have been obliged to. waste great, part of 
their time, apd to employ many arguments in 
rooting out the prejudices, which they found al* 
•ifeady estaiblished ; although .these prejudices bad 
no other foundation but the reverence they had 
acquired from age, and from the habitual assent, 
they . had been long received with. Indeed I am 
myself so fully persuaded of the difficulty of con- 
futing long confirmed prepossessions, that, not- 
withstanding all that hath been already said, I 
jcannot finish this letter without a short recapitu- 
lation of what I have here advanced. Which is, 
that the hypothesis of a proper charge, consider- 
ing it as what would produce the greatest velocity, 
ia chimerical ; that the experiments urged, in sup^ 
port ,of it are fallacious. That the greatest velocity, 
if it were attainable, is not the most eligible, it being 
often less .efficacious than a smaller degree ; that 
the only proper principle for determining the most 
convenient charge, is that of using the least pow* 
der possible with regard to the part^culAr purpose 
in view. Therefore, that the charges ought to 
vary according to the different services. .That in 
almost every modem practice, the charges are 
too great. And that in firing against troops 
in particular, bullets impelled with velocities great- 
ly short of those now established, are to the full 
as effectual. That consequently in this caae the 

charges 
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charges may be extremely diminished. And thence 
the whole establishnient of the modern field trains 
ought to be entirely changed. I shall only add, 
that the speculations of artillerists on the proper 
lengths of pieces have beeh eitibaf raised with er- 
rors of a like nature with those I have already 
censured, and that the decision of that matter 
can never be attained on the principles they have 
assumed. 
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My Lord, 

JuIaVING principally by your favour procured 
leave to make some trials with large cannon at 
Chatham, I think it my duty to lay the result 
of them before your lordship, especially as the 
subject of them relates to a matter about which 
I have formerly troubled your lordship ; I mean, 
the diminishing the allotment of powder for heavy 
cannon, and thereby facihtating the reduction of 
the weight of those pieces. 

And that I may not be misunderstood upon 
this head, I beg leave to explam in a few words 
the maxims I have formerly advanced, and which 
I conceive are fully confirmed by my late trials. 
This is the more necessary for me to do : since I . 
have found the prejudices, and the erroneous opi- 
nions at present prevailing among the practition- 
ers of artillery, have by mistake been orten blend- 
ed with what I have advanced upon this subject ; 
and I have thereby had positions imputed to me, 
which were directly contrary to what I have al- 
ways maintained. 

To begin then ; although I ani satisfied, that 
no charges of powder, either now, or at any other 

time, 
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time, in common use, are so great, but that by 
' augmenting their quantity,, some addition will be 
made to the velocity of the shot, and to the effort 
of the bullet near at hand; yet in large charges, 
I afiirjn, that the addition of the force of the 
bullet is very small in comparison of the increased 
., proportion of the charge, and even this small ad- 
dition of force is presently taken away by the vast 
resistance of the air to great velocities ; whence 
neither the distance, to which the bullet flies at 
an elevation, nor the force of the bullet at the end 
of its flight, is sensibly augmented by very great 
' augmentations of the quantity of powder. I af- 
firm too, that in many instances the increasing, 
the velocity of the bullet is not only an useless, 
but a prejudicial practice ; since, in penetrating 
solid bodies, that bullet which has but just force 
enough to go through, will produce much greater 
effect, than a bullet, which has a considerable 
velocity left after it Jias got through.* I must 
farther add, that both the ranws and effects of 
bullets, fired with small proportions of powder, 
do. much surpass the expectations of all those, 
whether artillerists or others, who have not made 
the requisite experiments upon this subject. 

These, my lord, are the hypotheses, which, as 
your lordship knows, I have always maintained, 
and are the positions I have had principally an 
eye to, in my late experiments at Chatham, where, 
on the 11th of July last, I got an 18 poun'der on 
shore, which was the largest piece I could pro- 
cure.' This piece hadnts breech laid down as low 
as its carriage would permit, (when it was elevat- 
ed somewhat short of 15^) and then instead of 9 
pound of powder, which is its customary charge, 
it was tried with i of a pound only, with which 
allowance it ranged the bullet, in several trials, 
from 220 to 250 yards. It was observable, that 
whea the bullet lighted on dry firm ground, it 

U 2 rose 



308 TRACTS 

rose again, and bounded on to a considerable dis-* 
tance ; but meeting once with a small bank of 
^ meadow ground^ it penetrated near three feet deep 
into it. 

By comparing together the best accounts of the 
ancient military machines, I conceive, the velo* 
city, with which ^their charges were projected, 
rarely exceed the velocity of the bullet fir^ with 
the smallest pittance of powder. 

The next trial was with ^ a pound of powder, 
or with the ^ part of the usual charge, and the 
elevation now but 12^ This bullet ranged 500 
yards, where grazing, it bounded on to near 300 
yards farther. 

Trying now with 1 pound of powder, or the i- 
of the customary charge, and elevating the piece 
to near 15^ the bullet ranged from 1400 to 160& 
yards ; after which, the elevation being diminished, 
to 5^ it ranged from 550 to 630 yards. 

With 2 pound of powder, at only 3^^ elevatioi^ 
the bullet ranged from 900 to 1 100 yards, when 
at 15^ it would have ranged to a mile and a half. 

With 3 pound, and an elevation of 6**, the bul- 
let ranged from 1500 to 1650 yards; and with Si- 
pound of powder, and the same elevation, ranged 
twice together to 1760 yards, or an English male 
just From which experiments, I conclude, that 
at 15® it would have flown at least 3000 yards. 

These were the principal trials with regaxd to 
the ranges of an 18 pound bullet, with small eharge» 
of powder. These ranges, I conceive, will be 
acknowledged to exceed theexpect&tions of those^ 
who have not been conversant in ti*ials of a like 
kind ; and the ranges in the two last trials, with 
St pound of powder at 6**, would, not be increased 
more than 200 yards by an addition of 7 pound 
more of powder ; as I can easily evince by experi- 
ments which I have in- my possessk)n» 

The 
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The next experiments were made to examine, 
the penetration of bullets, fired with these small 
proportions of powder, in masses of timber. For 
this purpose, a butt of about 5 feet square, was 
framed of two sheets of the toughest, driest oak 
plank ; the first sjiett consisted of planks set per- 
pendicularly in the ground : But in the second the 
planks were laid horizontally, each plank was 6-^ 
inches thick, so that the whole butt was 1 3 inches 
thick, and was^ bound together by cross pieces, 
which were well supported by props both before 
and behind. It was placed about SO yards from 
the muzzle of the 1 8 pounder. 

With I pound of powder, the bullet in repeated 
trials always passed through the whole butt, pe- 
netrating the first sheet of oak in a hole, which 
was free from splinters, but splintering the second 
she^t greatly, and driving the splioiters from 10 
to 30 yards distance. 

The first butt being ruined,, another was made 
of five thicknesses of plank instead of two, so tW 
It was 32^ inches through; the doubles here were 
placed perpendicular and horizontally alternately^ 
each plank was trunnelled with three trunnels td 
that next behind it, and the whole was bound to- 
gether by cross pieces, and was mont firmly shored 
on both sides. 

The 18 pounder, successively charged with S^* 
pound, with 3 pound, and with 2^ pound of 
powder, the bullet in each shot weni through the 
Dutt, driviDg every time great quantities of splin* 
ters. before it j but thp last shot of 2t of powder 
made much the greater ravage; for it drew the 
trunnels, Btad separated the doubles of plank from 
each other, and broke the hindermost plank ( whicH 
was 64 uich^& thick, and 15 inches broad/ short 
in two. 

As I was aw^re, ,that^ the resistance of thes^ 
doubles d plank^ was less than that of large solid; 

U 3 heaa& 
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beams of timber ; I directed a third butt to be ' 
made of dry seasoned beams of English oak; 
these beams were about a foot and a half thicks 
and about two feet broad. Three 'of them were 
set perpendicularly into the ground close to one 
another ; thea three more were laid on each other 
horizontally for a second row; and three more 
>v^re set perpendicularly behind ; the butt thus 
formed was 4i feet thick, and was bolted tluough 
with iron bolts of 1^ inch diameter; it was be- 
sides strongly shored both before and behind*. 

The 18poi,mder fired with 6 pound of powder,. • 
the bullet in several shots penetrated into tliis mass 
.of timber 'fiom 37 to 46 inches deep. 

With 3 j)ound of powder the penetration was 

; , near. 33 iftches. 
: -With 2J: pound of powder the penetration was 
..^ ,28 i4i<;hes. \ . 

With one pound of powder the penetration was 
,: .', ' frQm..l4T to 154- inches. 
;;• J must QbsQvvT, thfit in. all these instanipios great 
cafe was taken, tliat each shot should be planted 
ii).4*fresh.^und part of tlie butt, where the; tim-. 
hejrs had notheen injured -by the preceding trials ; 
and I. cannot but take notice, that the (ron-bolts^ 
T\fhiph bolted the butt together, weie benti: by- 
shaking of the beams, as if they had be^rt.of amalL 
yvire oply. "... : , ■ ; 

t Jt may. perhaps be objected, that the distance 
of: my butt from the piece \vas too litjtle, :and that, 
bad it been, removed farther off, tl>eforc6rof the 
bullets fired wi.th their small charges would have 
been much short of what I have described ; if this 
should be urged, I answer, that I was obliged tO; 
place the bult nearer than I would have done, on 
account of the ground, which was a morass, pass- 
able only in a few places. However, I am well 
satisfied, that in much greater distances fiQinthc 
piece, the penetrations would , not; have bee n sen- 
sibly 
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siBTy short of what they came out in these trials* 
For firing 3 pound of powder at a film bank of 
i earth, which was 700 yards distant, the bullet 
went through it, where it was eight feet thick: 
I must add, that no endeavours were at any time . 
used to augment the force of the powder ; for the 
bullet was always thrust into the cartridge close 
upon the powder, and then the whole was put,Aip 
the piece together withput r^pujaingjj.^nd. without 
any wad either upon theppjvd^ or the bullet i 
From all these experiments,, I^Jio^,; my kxrd,! 
may conclu^le, that small charges a^p ;ui;^E:hino^ 
efficacious, than has bpen generally liejieycd ; tha^t 
after. a certain charge .(for instancy 3^ppuQ4 pf 
powder in an 18 pounder) all additipu ofpowdei^ 
will create but an inconsiderable change either,.ii| 
the range at an elevation^ or m ^ :fo^e at a 
distance: And th^t the peuet^Ltipn.of anil-Sf 
pounder with 3 pound of pow^der,. is more , than 
sufficient ,for trav^sing- the sides of -the stoutci^t 
ships. The deduction^ from thpse pri^ipiplei^ .are 
very mimerous, and ipay prpy^^pfjpo^t exteii^i^fe 
use in the service of artillery, bAth, at sea and o^, 
shore; but as I have already t;r^$pc^3ed..80 iong.^^ 
your lordship's patiienQe, I shaM r^fer, these co^;^ 
siderations,^ togethe^r with an aj^coui>t of the t^}% 
of another nature, which, I ipade at the is^me tiffiQ 
at Ckathamr .to;a future disqui^tip%. .; jj -,■,,, ,,y^ 
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X)fii pointings 9r the directing qf Cannon t^ 

, stfilfe distant ObJects.^ 




HE art of pointing of cannon, so as to strike 
distant object*, depends upon two things; the 
irstof which> is- the tracing on the outride oiT" 
the piece a viitfaninie J)sfrind to the aj&is, by whicli 
jneans the piece is to be'(^;i^ctcd in all small dis- 
iances of the objects ; and the other is, the deter- 
ifinittiinjg the ailowaoce to be made in distant ftihot^ 
for the JnctfrVWion of tlie flight of the bullet. 
• The first ijf these is t|sually called ^isp^tting. 
iti^ fe pWfdhtted by taking half the difference of 
the diameters of the miizzle and base ting, aiid 
iettiiig it pernendicularly tn the muz:ple nng di- 
rectly over uie. centre; for then a Hnfe, \mch 
passes from thai point in the base ring, \vhich is 
Erectly over thfe centre of ^he piece, to the extre- 
tthy of ^he distdiii^ thus placed on the muzzle 
ring, will, \irheh the piece is truly bored, be p?^r^ 
aim to its jpcisj And Qopseguenfly in small dis- 
tances, where no iHoWance is to be made for the '. 
incurvation of the shot, this will be the proper 
visual ray, for pointing the piece; and even iu 
distant shot, where allowances are necessary, 
those allowances cannot be regulated, till this line 
be first assigned; for, as the object is more dis- 
tant, the more must the piece be elevated above 
the line drawn from the piece to the object What 
this elevation is, in regard to the«diiferent dis-* 
tances of the object, and how to be estimated, I 
9baU now proceed to shew* 

The 
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The incurvation of a shot towards the gtouqcj 
h) its flight, is (cateris paribus) greater or lesp, 
a^rcording to the different charges of powder made 
u^e of; Sut as, for reasons explained in another 
place, we have supposed, that such a charg'e, ^s 
produces a velocity between UOQ and IgOO feetj 
m a second, is in many cases the ^lost eligible j 
we shall therefore take it for granted, that the 
pieces we are now considering, are discharged 
with such a quantity of powder, as will nearly 
ptoduce that velocity. And then, if the shot wej;o 
not retarded by the resistance of the air, the r^^nge 
corresponding to one decree of elevatipn of thia 
piece might be reckoned 4^0 yards ; to two de-* 
grees 900 ; to three degrees 1350; and so on; for, 
independent of' the air*s resistance, the ranges a^ 
different elevations >vpuld be nearly in proportion 
to those angles, at least a^ far as eight or ten de* 
grees, 3ut the resistance Qf the air will alter the 
case considerably i for that resistance, by perpe-t 
tually diminishing the swiftness of the hulfct, will 
occasion its; track to be more inourYate^* tljan 
would othenvise happen, and consequently tho 
ranges will be diminvsned' Apd this diminutipn 
of the range will be greatest in th? smaUf r ^hQ% 
as they are more powerfully^ retarded, And 93 1^* 
computation of these varietjef may be thflug^t 
too intricate tp be perpetually recufwd to, ift 

order to avoid that trouble^ t Wve inserted ii^ 
the anneised table, the ang;les of elevation wWeht. 
in different pieoe^i correspond to different 4k% 
tftnees* 
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1400 

1200 
1000 
800 
600 
500 
400 
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200 
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Angle of elevation. 
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4 
3 
2 

2 
1 
1 



12 
26 
45 
6 
30 
13,. 
58 
43 
27| 

14r- 



12lb. 



4 
3 
2 
2 
1 
1 
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3 
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30 
30 

44 !' 
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43 + 
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By this table, when the distance of the phject 
is known, the angle, by 'which the fxis of tOS 
piece ought' to be elevated above the visual lipei 
or the line drawn from th^jpiece to the phject, wijl 
be readily determined. For . whettier \tK^ object 
be above or below the piece, need' not be^ con- 
sidered; since the range wifl always depend u^oii 
the angte bj^'tfrhich its dxis 'is elevated above tbei^ 
visual Kiie'; uilliBsS. the 'inchnation of that line 
tq the horizon' be ihuch greater than^usually pc;- 
6Ursin practice! Ndy when the angle of the a;ci^ 
\{atb' the visual liiie is'.l^nbwn, the ; piece i^ easily 
directed in: the foUowirtg iiianner, : ; ,* 

' Measare.the Idngth of tlk piece fr 
of the base ring to the millole 6f the muzzle. ring, 
and compute' the tangent to the given anglie ot 
elevation to that radius ; this may either be done 
by tables of tangents, or sufficiently exact for our 
purpose by supposing that to a radius of I foot, -rVy 
of an inch is tlie tangent of a degree. This tan- 
gent being found, suppose* CHBD to be the given 

piece^ 

» Plate II. Fig- il. 
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piece, AB its axis, DE half the difference betweea 
the diameter af the muzzle ring and base ring, 
set upon the muzzle ring according to our first di- 
rections, so that CE may be the line of dispart ; 
if xiow CG be erected upon the b^e ring, equal to 
the tangent of elevation just found, then the line 
GE will be the proper line for the pointing of the 
. piece ; for, when that line is directed to the ab- 
ject, the piece is justly laid, 

' If the directions here given are literally followed, 
there wiU.be two perpendiculars erected, pjie uppqi 
the muzzle ring, and one upon the base ring, but 
in practice one is sufficient; for if GC exceed DE, 
ijiat difference only, erected upon .the base ring, 
>vill with the muzzle ring at P, give the line of 
direction ; and if DE exceeds GC, the same dif- 
ference ^ected on the muzzle, ring, will in like 
manner with the base ring at C, give the direction 
of th^ piece. . ^ , „.r: ^ \; ^ - ^ ^^ 

, I find, that the chaige of poiwder producing §uqh 
a veloci^,; as I here suppose to^bftth? niost eljig^* 
ble,. ia froto 4 to iof>lher weigj^t of jhe Bullet in 
powder, the different goodness pf,pp>vder, a^d-lbq 
difference in the lengths of pje.oes. producing that 
diversity. And though, by a variety in the charge^ 
the velocity should ;flpt be exactly wliat is here 
supposed ; yet in distant. objects (whei-e the prin-^ 
cip?.! diflliqulty: lies) .^e inequality arising from 
thence wJH not be renaark^ble ; or if it be, it n^ay 
be easily rectified after the success of three or foitp 
shot have been attended tOw • 

I shall !only;add,i ti^at in distanqes not excepd«- 
ing 500 yards, it is not necessary to recur to the 
table inserted above ; nor to make any difference 
in the pointing of the different pieces. For if in 
those short distances ^ of a degree be supposed to 
be the iiiclinatipn corresponding to every 100 
yards, the result will in all kinds of cannon be 
suflBk;i©Btly near for practice; as will readily ap-^ 

pear 
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pear to those, who shall compare the inclinationi 
deduced from thb rule, with the angle inserted in 
the table. 

Here ends Mr, Robin*s manuscript, I am sen- 
ilble he wrote other tracts on this subject of gun- 
nery, besides these I now publish, In particular, 
on the 9th oi April 1747, there was read before 
the Royal Society a* Letter of his to admiral Anson, 
on Ojccasion of the manuscript put into his hands 
bv the admiral, which was taken on board the 
jFrewA ship the M^vs ; and also, on the Sd of 
tlie following J«/y, a Pissertation of bis concern- 
ing the nature and advantage of rifled barrel pieces^ 
This I hav6 heard much commended by several 
gentlemen, who were present at its reading. 

From his memoranaums, I find, he had made 
fnany experiments on these sorts of barrels during 
the month of March in 1745; and 4^0 ii rough 
draught of a Discourse on f^ irregutarities shot 
wire liable to (which irregularities he has fiiHy de- 
scribed at page 1^ ftc. of the forgoing tracts) 
he subjoined what follows. 

^' I must add, that the sole advantage of rifled 
<* pieces, is their preventing this irregularity ; fw 
^^ by the spiral turns of the rifle, closely ccmfi^ntng 
" the bullet, they give it a rolling motion round 
^^ an axis, which is Coincident with the line of its 
•' direction, by which means its resistance ia e- 
^ qual on every part of the surfitce^ that goes. 
^^ foremost i and if a small inequality should at 
^\ any time intervene, it will be presently rectifi- 
** ed by that part shifting to the contrary side of 
^ the axis, 

** And this is agreeable to what has been uni^ 
^* versally practised in relation to arrows j for the 
^' feathers of an arrow (as is well known to arch* 
^' ers) are always placed in a spiral form, so as to 
^^ make , an arrow sj)ln rouncl its^ aiua^ vitbmit!^ 
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'* which their eye-sight would inform them, that 
*^ the arrow undulated in the air, and did not 
keep accurately to its direction. This principle 
is confirmed too by the necessity, which every"" 
school-boy finds himself under of making his 
" shuttlecock spin. 

" I have made some experiments on simpler 
methods of performing this, and applicable to 
iron bullets ; my success as yet has not been 
*' what I could wish ; but it has however been 
'^ sufficient to encourage a farther prosecution, 
'' which if I shall ever pursue farther, I know 
'* not/* 

Besides, in a Letter Mr. Rdbins wrote to -4/ejr- 
ander Hume^ Esquire, dated Fort St. David, 
1^\ October 1750, there is the following passage 
communicated to me by Charles Frederick, Esq. 
surveyor general of his Majesty's ordnance. 

— — " If you remember what passed in con-.. 
" versation with Mr. Frederick in relation to light 
*' pieces of cannon; you will not be displeased to 
^^ hear the result of some trials, I have made since 
** my arrival here. These trials were made with 
" two six pounders, both of them elevated to 11\ 
One of these was a heavy piece, weighing above 
81 hundred weight, and about eight feet in 
"' length. The other was only four feet three 
inches long, and weighed but five hundred 
weight. The short piece being loaded with 1^ 
pound of powder, and the long piece with three 
pounds, and four shot being fired from each ; 
It was found, that the two most distant ranges 
of the short piece exceeded the two least ranges 
of the long piece, and that the medium of the 
ranges with the long piece exceeded the medi- 
um of the ranges with the short piece, by little 
more than 300 yards in 2500 yards. AH which, 
I believe, Sir, you wilf, on recollection, find 
to be consonant to what I asserted at your 
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'* house. I hope to propure some irop pieces near- 
•* ly as light as. the abovementioned six pounders. 
" These pieces in this country being of infinite 
" service in the field.** 

I shall conclude this volume with two discourses, 
on the height to which rockets ascend ; the first 
written by Mr. Robins^ the otlier by his friend 
Mr. Ellicot. 
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Observations on the Height to which Rockets 
ascend. Read before the Royal Society y 
May 4, 1749, ««^ "published iii the Phi-- 
losophical Transactions^ Numb. 492. 



X HE use of rockets is, or may b^ so con*- 
siderable, in determining the position of distant 
places to each otner, and in giving signals for 
naval or military purposes ; that I thought it 
Avorth wliile to examine, what height tbey usu- 
ally rise to, the better to determine the extent 
of the country, through which they can be seen. 
I therefore, at the exhibition of the late fire- 
works, desired a friend of mine, who I knew in- 
tended to be only a distant spectator, to observe 
the angle of elevation, to which the greatest of 
them rose ; and likewise the angle made by the 
rocket, or rockets, which should rise -the highest 
of all. . 

My friend was provided with an instrument, 
whose radius was 38 inches; and, to avoid all 
uncertainty in its motion, it was fixed in an inva- 
riable position ; and its field, which took in ten 
degrees of altitude, was divided bjr horizontal 
threads,. The station my friend chose, was on 
the top of Dr. Nisbett*s house in King-street 
near Ckeapside, where he had a fine view of the 
upper part of the building erected in the Green- 
park. There he observed that the single rockets, 
which rose the most erect, were usually elevated 
at their greatest height about &^^ above his level j 
and that amongst theise there were three, which 
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rose to 7%; axlcl that in the last great jfligbt of 
rockets, said to be 6000, the crest of the arch, 
formed by their general figure, was elevated about 
8^T. From the care and dexterity of myfriendj 
^nd the nature df the instrument, I doubt not 
but these obsefVations are truCi within k few mi- 
Autes. 

The distance of this station from the building 
in the Oreen-park is 4000 yards^ sk^^ordiug to 
the last great map of London : and hence it ap<» 
pears, that the customary height, to .which the 
single, or honorary rockets, as they are styl6d» 
ascended, wds near 440 yards ; that thre^ of these 
rose £26 yards ; alid that the greatest height oi^ 
any of those, fired in the grand girandole, Was a*- 
bout 615 yards : All reckoned above the level of 
the place of obsefvation, which I esteem to be near 
£5 yards higher than die Green'^ptirkj and little 
les£| than 15 yards beld\v the chests, whehce tbs 
great flight of rockets was discharged. 

It seems then, there are rockets, which rise 6.00 
yards, from the place whence they are discharged : 
And this being more than a thitd part of a 
mile, it follows^ that, if their light be sufficiently 
strong, and the air be not hai:y, they fnay be seea 
in a level country at above 50 miles distance. 

The observatiotiB on the sinjgle rockets are suf- 
ficiently consottaBit to some experiments t made 
myself, about a fortnight since : for then I found, 
that several single pound rockets went to various 
heights, between 450 and 500 yard?; the altitude 
of tne highest being extremely near this last num* 
ber, and the time of their ascent usually short of 
seven seconds. 

Btrt tliough from all these trials it should seem, 
as if ^ood rockets of all sizes, had their heights 
litoited between 400 and 600 yards ; yet 1 am dis- 
po^d to believe, that they may be made to reach 
nwdh greatet distanoea. This 1 in some degree 

coUect; 
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collect from the nature of their composition, and 
the usiial iniperfect manner of forming them. 

Nor is this merely matter of speculation ; for I 
lately saw a dozen of four pound rockets fired ; 
the greatest part of which took up near fourteen 

' seconds in their ascent; atnd were totally obscured 
in a cloiid near nine or ten seconds of the time ; so 
that the 'moment of their bursting was only .observ- 
able by a sudden glimmering through the clouds. 
And as these rockets, during the time they were 
visible, were far from moving with a languid 
motion ; I cannot but conceive, that the extra- 

. ordinary time of their ascent must have been at- 
tended by a very unusual rise. 
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Benjamin' Robins, • Esq^ F-.. ■ B* Sj Mr a 

Sainuel ^a Costa;' (MH sii'hekilofMir'gkrtik'i^ 

♦ri(?n; in-order iod^ciwer theHti^htoi 

which Rockets mm he, niadi h c&c^fi!^%aj0%'^ 

Jkfr. John Ellicott, K K, 5! R^dd'b^rc 
the Roi/al Society December 13, 1750, andi 

published in the FhiiQSophiQal TtxiwaQtioVt^^^ 
Number 4^6^ 



OOON after the exhibition of the fire- works* 
in the Gt'een-park^ Mr. Robins communicateclt 
to tills Society an account of the height^ to which 
several of the rockets thl^re fired were observedt 
to rise. In this account, after haying given 2^ 
short description of the instrument "vvith which 
the heights were measured, he observes, that tlie 
customary height, to which the single or hpnor. 
rary rockets, as they are styled, ascended, was a-. 
bout 465 yards; that three of them rose tQ about 
550 yards ; and the greatest height of any of* 
those fired in the grand girandole was about 60(X 
yards. He likewise further observed, that, sup- 
posing rockets are made to ascend 600 yards, or 
more than a third of a mile, it follows, that, if 
their light be sufficiently strong, and the air not 

ha?7„ 
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hazy, they may be seei; in a l^vel CQuntry at about 
50 friiles' distance; arid that fi-om ' the naturq of 
the composition, and the lisual imperfect manner'^ 
of forming them, he was of opmioni that rbck^tis- 
were capable of being grcat^y improved, and. nidde,; 
t6 reach iriu'cH greater distances, ' .-^ t 

Mr, Robins not havii% been ^ble to obtain any 
certain account to what distance any of' these^ 
rockets were actually seen, and" considering thfc- 
great use that might beniad^ of rofckets in de-* 
termining the position of distant placed, and 'ii! * 
giving Signals for naval and inilitkry purposes,* 
ne res'olved to order softie rocketfe to be fired at^ 
an appointed time) and to desire • sptne of hii^ 
friends to look out for khem kt seveial Vdry distahlf 
places. • * ■• ' -> 

* The places fixed upon for this purpose,' w;ere' 
GoSmar^kafhj in Ktni^ ' 'about *50 Vnilcs dis^iff^ 

boxi 

Jjonifoh^ 

' 1\/Li\ Rohim aceordingty ordered some rockets;. 

o be made by a person 'many years employed^ iri; 
^lie feoyaV Labord,tory at TVodlmcKi ' io wl^ickf 
some 'gen ttenien',' who had b^cfn itifofmefi of. Mr7 
Robms*s\xiitiit\%xis^ adcJ^d isome 'others of th^V 
dwn making. The 27th of SepyemBer,'- 1748, af 
eight in the evening, wa? the .time appointed, fdr' 
the firing of them ; lyut*tEroii^b*te ftegli^^ of 
the engineer, ^hey were iib'tf let ofl? till above liailf 
a:n hour after the time' agreed' upbn. There A\?iTe? 
in all a dozen rock(^ts ^tSifj^om LondQn'-Tiel^iJi 
ffatkneyy 'kiiA the heights wiefe meaSured by Mh^ 
Caniqn^^^ being 'brieseht, 'at the aii^ 

tance of about 1200 yards' tro'in'^the post frorii 
whence thfe rockets were fired. Tlie greatest part* 
<)Ttiietn 'did 'not rlse^ to abai^ 400 yavds ; ' 6ri^. tol 
about 500, 'arid one to 60(y yatdS tieitW. ;' - ■ ^ 
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By a letter I received the next ^ay from the 
IReverend Dr. Mason of Trinty-College^ Camt 
bridge^ who had undertaken to look out for th^ii\ 
from Barkxvay on tl^e borc(ers of Hertfordshire^ 
I was informed, that, baying Waited ypon a hil^ 
i^par the town with some jof pis fi;iends till ahotit; 
half an hour past the time appointed, without per-- 
ceiving any rockets, as they were returning to the 
town, some of t^ie company ispeing through the 
tfees what they took to be a rocket, they imme-. 
diately hastened hack out of the closes into the 
open fields;, an4 plainly sa\y four rise, turn, anij 
spread. He judged, they rose about^ oi;te degree 
above th? horizon, ^u4 that their lighti wei^e strong 
enough to have been seen much furthen - 
/ f rora Es^x I was informed^ that the persons, 
on Tip fery- Heath saw eight or nine rockets very 
distinctlyv^t about h^lf an hour past eight; and 
likewis.e greatly to the eastwarc^of those nye or six^ 
more. Trie gentlemen frqm Godmarsham in ICent, 
having waited till above half an hour past; eight 
>yithout being ahle tq discern any rockets, they 
fired half a do^jen, which from the bearings of the 
places were most probably those seen to the east- 
ward by the persons upon Tift ery- Heath ; and if 
the situations, as laid down in the common maps, 
are to be depended upon, ^t aboyt 35 miles^ 
distance. . ' 

' The engineer beintg of opinion, that he coiild; 
make some rockets of the same size as the former, 
that should rise much higher, Mr. Robing ordered 
him to make half a dozen. These last were fired 
thelSth of pc/oier following, from the sapie place, 
and in general they rose nearly to the same heights 
yrith the foregoing ;..e>fcepting one, \vMch was obr 
served to vise 690 yards. The evepihg; proved 
very hazy, which rendered it impossible for them 
to be seen to any considerable distance, 

■; I ■ ■ It 
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being observed in. these trials, that the larg- 
est of the rockets, which were about t^6 inifhfes 
^d a half lA^ diameter, rose the highest ; lilr. 
i2o&i*wHntended to hiave made some more expefi^ 
talents, in order to k fiirth^r discovery, what 6^- 
t&id rockets would rise highest. But hjs fengaj^-»» 
iifients with the East^Tndia company preventing 
him,. Mr. Stamue'l Da Costa, \3Lte of D'evons'kife- 
^ua're^ k gentlfenian of an e^traordmary geniu$ m 
mechanics, and indefatigable in the applicatioh; 
Mr. Bank's^ a gentleman, who had for many years 
practised making rockets, and two other persoiis, 
undertook the prosecuting these enqiii-ies; and 
havittg made severaLexperiments, as well with' re- 
gard to tHb' fcompositiOA as the length which 
t-ockets ihi^ht b6 madie to bea'f in pi'oporf ion \o 
their 'diameters, and of diffefeht size4 rockets fVqm 
tin^'lnch and a half to four inches diameter, they 
.intetided thU \fr5ntel' to have madie trials of , Lottie 
' of y^t ^eatfer' diameter, had not thfe death of 'Mn 
Dei C6sta ^^tvi^ntediit: ' ' ' '' 

- . I shall therefore beg leave to give some acCotint 
ttf the -success, ;which has hitherto attended this 
tmdertakitig, sb' fef as they went :' arid as it Has 
Ib'eeh hiuch beyorid what was expected, I atil in 
hopes, this short relation will not prove unacce^t* 

Amphgsl! some tockets fired in the last spring, 
thei« ^ere two made by Mr: t)a (Joittn of about 
three inthes laAd a half diameter, which wferb ob- 
served to rise, the onie to about sbs, the othe?to 
j915 yaras. . At a' second trial, made some time 
after, there was oiie made by Mr. Da Costa, oi 
four ipphes diameter, which rose to i ijgo yards* 
The last trial was made the latter end of April 
1r750, when 2^ rockets were fired in all, made' by 
different persons, and of different siies, fi dm one 
itibh'Md a half aiameter to four inqhes ; the most 
Kmarkable of each size were as foUo^Vs; one of 
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^ one. jnch and a lialf ro^e to 743'^ards j pte of two 

'.ihclijbs to 659; one of two inches and /a half 

to 880; another of the sajne sj?e, wnich rose, to 

107.1} pne of thrqe incphes.tp 1^54.; one'of tti'ree 

iDches and a half to 1 109 V, and one o^four inclies, 

. :^hich after having rose to near, 700 yards^ turned, 

ja,nd,feir.ve'ry near th^ graujid^ *before it wenli out. 

jTbese jvere alljm^de by Mr. JOa Costa. B^si^es 

,'tl^ese,. there vvas oh? or the rockets of ^4 inches 'in 

.^diameter, which rose tq 784 ^arcls, and another 

made by Mr., J^anks of the sbxie size to 833. 

,, ,, As the maUiiig of large rockets is' rfot only very 

,.expei)sive^ but Jike wise more uiicertam than those 

,j't>r a lesser size [Jso.fropi the' last, experih^ehts, it'is 

\^vident, that rockets, frpm ttt^o'Jncpp^ apjd a^ljlalf 

,td three inches ^nd' gi naif diameter/ are ]suificient 

., to,ausw.er all the purposes they are intended for ; 

..^^pd 1 dpubt not may be made to rise to a height, 

,jahd tP.^fford. a light capable of bein^'s^^ \to 

' considembly greater distances. than tHdse^^tetore' 

. nq^Ationed., , ... v ; ,. /;. k-j , :f. ^ 
^ ,'^ Befori^ I .conclude rfii^ accwnt, i 
. .^ni;pfc)per^td fake notice, 'that,j inpugh'theti'dg^^ 
...of ihe. rockets .are set down io' ^'single yard, it is 
^jt^pt pretended, . the method: pad.e use of (thQugh 
sufficient for all the purposes of these experiments) 
., ^ ^Q^pable .of d^eterminin^ t|ie heights to. 30 great 
. . , ^m .exactness. ; for, Vas they 'were measured' hj^ only 
',oneol)servei-' it is evident, that if any of'the rock- ' 
. J cts deviajied Jjom the perpendicular, so as eitjper 
' , to incline towards thej. place of observation, or to 
"decline from it^ 'the height, wou^ld'^ be given, either 
/j greater or less'tl^an the truth; but' ks the .base, 
,upon which they were tneasur^^, . was li^pya^^ds, 
.the greatest error, that ,(^u '^nse pii thi^ ^ 
"will be" but very inconsi^crab)!?. !lf yreywojuld 
: suppose; there might be ah'^frqr of M . or, eyen 50 
^ yai'ds, which ^ yery.liighl:^jin^ 
then be allowed, fliat several ot these rockets'rose 

to 



, tBj,)'!^ JA^dfe, 9;iq.. to .1 100,^ and ^notWr to 12D0 
. ^ards, or Rouble to any of 'tljdse^'Sffd^V^the Gyeen- 

..Park. '"""' ■■;, ^ 

I Jiave b,een informed, tJmttlie. relation of this 
.. affair has appeared so very eXtraorainary to soine 
,1. gentlemen conversant in sucit tilatters, that ttey. 
fibave mentioned it as their qpinioii, ,that thfere 
, must certainly . have . been sopie mistake eithw ia 
.,. flacin^ the instjmiiient taking th^ heights/, ferTo* 
;; therwise. In, answer to which' 1 would obseVve, 
that, in all the experiments mentlpfied in'thisia- 
^er, the heights were all taken by the samie person^ 
Viz. Mr. John Canton, and that the last trial was 
■ inade in the pfeseiic^? pf^sevetal very worthy mem- 
fcers of this Society. ' Inat the instrument, being 
first jfijefl ^tp^agnjq^rj^^gie, w^^ ,Hot-alteted du- 
ring the Whole time of trial'; ' and therefore, if 
there had been any migtake in fixing it, that mis- 
take would have Varied the height of all the rock* 
fet5.»M!^.Krichi"a5l^p|B ifM^ p6 Co^ta^s<;, but it 
'WAS those of Mr. X>d Costa only', aiid 'that at 
three different trials, which rose to such extraor- 
. dinaiyf hf^hts ; ,and. tljerefOre, I ifhw^i wc^ave 
.^utfio^ei^t K^^ to c'on^u^e, that thenr 'meastu^ 
.\i^e^c?^iiI^,^t^^\VM^keaA'\ttie^feUtiu ' ' •'■ 
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After the forcgoicig sheets wei*e' printed off, a 

copy of Mr, Robins^s discourse about rifled bar- 

jeb| mentioned above, was communicated to me 

' by my friend Dr. Brdjclesbt/^ physician to the 

• • army; he haying' received it hom colorieM>rflper^ 

' whose martial achievements in the East-Indies 

have added a farther lustre to the character of the 

.^ poHte scholar and finegentkman. 

^o .• This discourse wa$ read before the Royal Saci- 

\ iy immediately after that at page 218, and is as 

K>llows. 



> •• 4 » • 



■ • • < 



OP TH15 

NATURE AND ADVANTAGE 

f 

OF 

RIFLED BARREL PIECES. 



« • I 



' JnAVlN at large, in the pi'teeding 

papers of the numerouji Vrffiff^l^^^^^^ take 

place in most of the operaftmis of gunnery by the 
deflection of the projectiles from their first direc- 
tion, which, as we have seen, is occasioned by 
their whirling motion ; it is now but reasonable to 
consider of the most effectual means for prevent- 
ing these troublesome and perplexing deviations. 
But before I offer any methods of my own for this 

Eurpose, it is proper to describe a practice, which 
as long prevailed in several parts of Europe ; 
and which, though in all probaoility originally in- 
tended for different ends, doth yet in many in- 
stances prevent the deflection here treated of; the 
producing of this effect being indeed the sole ex- 
cellence, all its other boasted advantages appear- 
ing on examination to be only imaginary. 

The 
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-. -r ^te Ihethcrd ■ I have here in view, ^aud which I 

J)t'o]K)^ as the subject of the present essay, is that 

by rifled pieces : and these pieces, though well 

' known on the continent, being but Httle used in 

• ^England; it is necessary to give a short description 

• of their tpake, and of the particularities, in whijch 
they differ from the common pieces. For which 

• purpose I must observe, . that the essential differ- 
ence between them is this. That a common piece 

' 'hias its barrel smooth on the inside, whereas the 

• ■ rifled piece has its cylinder cut with a number of 
i spiral channels; so .that it is injreality a female 
' screw", varying .from the fatbric of common screws 

only in this, ' that its threads or rifles 9je lessde-^ 

fleeted, and approach more to a rightiline; it be- 

i ing usual for the threads, .with which the rifled 

* i barrel is^indehted, to. take a little mc^re than one 
f tum^n its whole length. The number of these 
"threads in each barrel ai;e differ^t,. according to 

the fancy of the w.orjcman, and tb.<s size of the 

- barrel ; and in like manner, the depth these chan- 

T ncis, or. rifles, are cut down to, is not regulated 

' by any invariable rule; but differs according to 

the country, where the work is performed, or the 

caprice of the' artificer. This is the general idea 

of a rifled barrel, as opposed to a comjnon one ; 

. and the usual method of charging it (,^ough there 

are different practices, which will hereafter be 

more minutely examined) is this. When the pro- 

Ser quantity, of powder is put down, a leiden 
ullet is taken a small matter larger, than the bore 
of the piece was, before the rifles were cut ; and 
this bullet being laid on the mouth of the piece^ 
and being consequently too large to go down of 
itself, it is forced by a strong rammer, impelled 
by a, mallet, and by repeated blows is driven home 
to the powder ; and tne softness of the lead giv- 
ing way to the violence with which the bullet i$ 
impelled; that zone, of the bi^Uet^ which is conti- 
guous 
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s guou^ toi^hiy piece, variea fits larculaf rfoiijj ;• anil 

takes the shape of the inside x>f the barrel : so ti^at 

it becdiiiefe the part of. a Inaale serew,^ exactly fit^ 

iilt'SS-Sbe itidcttterof the jrMe^i -And here it hafppens^ 

■ thatj when tfce pitte-ii'fired^ that indented 2on6 

of the bullet- follows the sweep of the Hi^s; ;and 

'thereby, besides its profftcssive motionjr.a'Cqiiires a 

- circular motion round the axis of the piec6j'!ivfeich 

* (circular motion will be . icbntinuied to/thci j^jidtet^ 
after i ts ' separation ' f iiom; the: i .piece ';a\ byi ^hich 
ineans a bullet discharged frohi aTUted:bartel is 
constantly rhlde to whid roEnd ani . axiisi ^hich is 
boinddent wifk the line'crfats flight r:Ap44ience 
it follows, that >the resiutance on the /foretBost 

■ surfakce of V the bullet is equally distributed : tound 

» %fe pole 'of its circular motion ; ; and actSfiWitjtran 

'iequal fefF6rt 'on ever^ i^dfe'of f he line of dijeotion i 

^ s6' that this resilfttahce.iban prbdiice tio 'deirtatioU 

^^ifroiii that: line* -And ^[whrbh'is still of rinore.im^ 

■''■ portattfete) if by^ the casual: irnegtoJarity/Of the fore- 

■yrnost surftc^ of the bulletirrpr.by any other acci- 

.-^-dentjthd' rtefeistttnce* should *:be stronger .oii'One 

-side of the pbl^of the cirGuiai*motioxi(thaiL'OA'tthd 

v' other; yetyias'thepilacej where this grfeaterresis- 

' -''fence Acts, • hi«ist perpetually shift / its positipil 

' rttufed the- Hhe,' in which the. bullet fliesy thede- 

•'' flecJtion, Mirlilch tiiis inequality cwould occasion^ if 

* it acted Constantly tvith the sanqe given; tendency, 
is ndw^ontinually itectified bythe vatious.4ina 
contrary tendeneies of 4hat disturbing force^ du* 

ytiixg the course of one revolution* 

' This perpetual cbrrectiori of w deflective 'effort 

^Oli fhb foremost surface !ofithe;bulletj in.conse- 

: ' diience of the revolutiori * of ' t\iti bullet touaad : thci 

' line of its direction; 'Way perhaps be exemplified^ 

' . by coiisidcring whia* happpni>:Jto a.icastl&'^to^^ 

' whilst it 'iSplns tipon; its point. • Jor it will ba casi- 

' ' ' fy a4kno\vfedged,^that this^i rwi^^ 

' tnbtion; could' BOt '<)6ntiaiuo<fo04lie ieastporfJon > 

of 
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"Xi^tiilie^in- that'-sitdatten. »Arid if ''«re' ekaffiitte, 

hdw-fhis happfeHs. we shall find ; that^ ihbugh its 
' cditrc of gravity is liot feiiacdybv^ei' tbe point/ it 

ispins -'bT! ; - if^et ' tliat iiiequJility caliAot ' 'iti^airtly 
'T)rihg it to the groiiM according to its Natural t^f* 
" ibrt ; bed^se, 'dUring one revolution, tlie- ceilf r6 
' bf CTavity 'pteponderatfe^^ side of the Wp ; 

kha thereby 'rtfises it as"much in one places 'As it 
^*det)t^essed -it'in inother. Aiid this reasotiin^ (Swp- 
" po^iri^ £h'at the'tttidehcy of'thd centre of gravity 
' tof the^fbp to descend, be analogous to the actiba 
■" pf^fhe mequal resistdnce on the foremost sUrfkce 

of abuflet firedfrdm a rifled barrel) Xvill' easily fee* 
; pldin 'h^\v, notmtKstanding th^t iiK^<yuiality, the 

* bullet" Ik^eps" true to, its tratk without deflection. 
'•^Ai^dwhal^ ii^^here adv^Etriced, is farther coriflriifed 

nBy^thegfe'^ar practice with regard to arrOWs. ' iPor 
'^Itls Wllihbt^ri to eVSiy archer/ that thi' ftathfers 
\*tof^dn'*Si-t6\«^'are-'^laced'4^ form- so as 'to 

'^'Mlce'Vbe^il'r8w-i5piii(iryutt^^^ axis, without Which 
'''it wb^l(|^b^*1A6Vi6us t(>the*eye, that the arrow nn-^ 
;''duraty^itt4fte ah-.^^a^ hot kefcp accuratay^o 

*^-its ditefetrAji. ' And it 4s b^vvin^ to the wme prin- 
"•'ciple, 'tftat^?e\^c?ry "school^ boy finds himself niider 
^''|the li^c^s^r^ bFttfalting Hisi shuttle-cock spin, be- 

* fore he ban depend ujibn the truth of its Sight. 

Thi^is'the general theory of the motion' of Mil- 

Mets discharged frbm rifled pieces ; and' it is foijfnd 

' b}r ekperiifient; that thdr actuar irititions cfdrits- 

'. pond very well with these' speculatiohs. For 'the 

^ exdctrifesspvhich thbse/w^ in the 

iise o^ these j^ieces, attiift tp, is indeed wbtiderftil ; 

'*^n<5^hat:'at sdch diittaces, thatif the'bidlet^'U^re 

fired from the common pieces, in which the custom- 

' ary aberration takes place, not one in twehty of 

. ' tlfemi could ever be traced. 

Buif what odciirs mbst wondeffiil in this iflTair, 
is/'that a'^nrf^hod so ' singular and so SucceiSsful, 

* aiftl ^hich ijatk Wn iso long' and generally pracr 

tised 
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, tiscd in many piarts of Germany and Swisserlani^ 
fihould. h^ve its theory so little understood, as it 
.appears to. me to have been. For by allj t havcJ 
' be^n able to recollect, I. am fully satisfied, that 
neither the inventor of this method, nor the prac-^ 
tisers of it, nor any of the numerous authors, who 
have written about it, have been at all apprized of 
: the true and genuine advantages hence arising ; 
but; have constantly represented the intention of it 
to be very different, from wha,t I have hcr^ de- 
. scribed ; and have supposed it to be attended with 
conveniences, which, by a lonjg series of experi-* 
ments, I know to be altogether imaginary^ For the 
truth of what I here advance, it might perhaps be 
. sufficient tp appeal to those gentlem^, who have at 
; any time examined artificers, or those skilled, in 
:. .tjie practice of these pieces, about the use and ui* 
; tentioaof the rifle^,. . F-or I doubt not, but they 
. jhave found, as 1 have done, that one or all of the 
. thr^e following reasons have been ponstantly al-* 
ledged. Either that the inflammation of the pow-^ 
der was greater by the resistance, which the bul- 
let thus forced into the barrel gave thereto, and 
that hereby the bullet received ^ muc^ greater im- 
pulsion, than it would have done from the saxne 
quantity of powder in a common piece: or that the 
bullet by the compounding of its circular and re* 
volving motion did, as it were, bore the air, aitd 
thereby flew to a much greater distance, than it 
would otherwise have done ; or that bv the same 
boring motion it made its way much easier through 
all solid substances, and penetrated much deeper 
into them, than if discnarged in the common 
manner. 

These are the reasons, which I have always 
heard urged upon this occasion. And, as a proof, 
that this is the light, in which those sluthors have 
<;:onsidered it, who have purposely treated of the 
subject J I shall quote the latest, I believe, .who 

hath 
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lii^th written about it; and who appearing himself 
to be a practitioner, and ttr l>e extremely inqui^i-? 
tive and curious in every branch of this bnsiuess, 
^lay be supposed to give the most authentic ac- 
pount of \ynat was generally believed in this mat- 
ter. The person I mean, is John George Leutman^ 
fellow of the Imperial Academy of Sciences at 
Petersburg : in the acts of which academy he 
has published two dissertations. The first of them 
about the manner of forming these rifles. De 
sulsis coc^leatis addatam distantiam tubhselope^ 
tprum recte inducendis. The second containing 
certain curious remarks and experiments on the 
Vse of rifled pieces. Annotationes et ^.vperimenta 
fuadam rariora et curiosa ad rem sclopetariam 
pertinentia^* 

In the first of these tracts he gives the following 
account of the intention of these pieces. 

Primus, qui hancjinxit in tubisformaniy pro-- 
fuldubio eum habuitjinemy ut' globus per gyrumy 
f>pe cochlearuniy inductuniy aerem terebrandofa- 
cilius penetret atque secet, prohibeatque, ne 
t}nea directioniSy globum impellens, a recta ni- 
mium deflectat via, et tandem corpus resistenSy 
ad quod tendit globus, vehementius feriatur et- 
trajectetur, qy,ando globus gyrando illud perte^ 
rebrat.1[ Where, though one part of it seems to 
point out that advantage, which I have above as- 
serted to be the only one attending this practice ; 
yet by a more careful attention to the words, and 
by comparing them with what he says in other 
places ; it appears, that they relate to some fanci-, 
ed convenience in the impulse of the powder, and 
not to the rectitude of the track, in which the 
bullet flies. 

Now that -none of the three foregoing reasons 
hold true in the use of these pieces ; I have satis;- 
fied myself by numbers of ekperimfents made with 

. . : rifled 

♦ Tqin. IV. Ami. 17^9. p. ^6^. 
f Tom. III. Anu* 17aS- 1&. \&^ 



3B4- TftA<25S«, 

yifled .barrels, of vario^^. si?ep. Fpr^in t^icpc, cxpft^,^ 
rimeji.ts I Irave found,; t^^^th^e velp.Q.ity of ,the bii^i^-x * 

le,t, firedfron^a.ri^d.bajr^V A^^^f usually', lep^. than! 
that of the bullet fired :fronv a. common piece. v7itU 
the. same, pyttppvtiqn of pqw^ler, Ipcif^efl/ it is but , 
T?a30xiahlft to e;Kpejct^ thai tjiis,.sii9n].9/b^.tlje case^ 
Kor if therifle^.are very;dcep^ and, ,th? byHet43 l^-rge^ 
eftougb tp^fill.thenn up, ttje, fnpMft? !>^¥?s ^ v^^Ty. 
Qon^iderablft iproportion tq . the, effo/Tt .of • tjKe .ppwn'* 
der ; a»4 :that in this q^^'c^ the ^frlctift^ii is of .coh^fr^ 
qiience e»wgh.tp .h^ve J|:s,,efffiqt§ pl^sftrvcd, I h^^i^ 
discQV^J-fid'.by the .co^tinue4»us§ qf tjie^ s,aipe,qafr.^ 

reJ. Eo V. the . metal ' of, the, h*r?fil) bfii P$ i si^fJi ?f^ 
w.earing.a^Viay.^pace, it^ hpm by W. a,ye^F>,ugft 

\Ka3.siefiaihIy>enlw'ge4 ; .?OJ«lvQqn?f qH^ofetli^ 4?Rtfk 
of its rifles diminished, • and then I foun^j ^l)^tt|ij^ 
wnie quantity .of the. s^piPipqw4Qr.>youi4' givfi rtV 
tlie bullet a velpcity. nj^ar, ^ t^th. p^rt, g?.-^^er^ 
thaji what IthacJ'dQneai fii;$tK 4ii4^asYtl|g,y^lo- 
c^ity of the bullet^ is not incjreagfi^. by the; usq o^' 
rifled baxrelsj sp.neitheivi^t^^ ^iftap^e,. it^is^ tQ,. 
orats p^etTAtioQ into so^dj s^u^t^^ce^^ I^^S^d^ 
titesQ t\^p l^t^suppQgitipijs wppar aj; fivst; sjght toa 
ijhiiperic^ to. nj^rit ^ fpKipa^l, cq^fut^atiq^^ j^jit 1^ 
c»nnpt help phwrying, t^ajt those, whoAxay^hpeft 
habiti^a^tedilp.the pfaptic?. 9J[ tb^s^ wec^Si ^^ yery^ 
eKcusahle in.ba»yiRg given >Kay ta. t^gsp prep,qsse§-;. 
$ions. For they cons.t;4Ptly 4#ni(J^ thajt;wit;h them, 
^ey coukl fire aA a, nrjaij^ vfith t;qlexajbjft sycpess ;; 
though it were pliac'ed at thf^e or :^y;f timeq th9 
distance^ to. whi^h the oxdimfj pjecesi ^ere §up-f 

Spsed to neach^ And^ thci;efo;e^ as^ t^hey we^e ig- 
prant of thf ti:ue caus^ pf thi$.vai;j|,?^y, gindd^jc^ 
Bot know, that ij:; ^tose oi)}y ftpm. p^ve^i^iig tipfi. 
deflection of the ball; it was not unrva^^wr^^. .fqj 
ihem to im,agiu,e, thavt* th^ ^uper^ily io,.ih9,e^ct 
of the rifled .p\ece wa,s owing, eitji^r, tp,a wpr^ v^-j. 

oteut impjulj^e. a.t.fii;at,, QX to. * wpr^- e^wy ijftss^g? 
through the air. * ' . 






OF GUNNERY. 334. 

This Ttfay: suffice as to the general idea of thfe 
foiin and 'convenience of a yiflfed piece ; and befor©;' 
X erit^t into- a detail of th? varieties in itsfabrick^ 
^ti .'manner of charging it/ or engage in any mi- 
nute discussions relating thereto ; it will' be expe-t 
diept t6 iiisert soine experiments, by which it will ^ 
fippear, howweU it' answers the purpose,* I have, 
pieiitioned above; I mean that of * keeping the 
bari* td it^ regular' track, by preventing that de- 
fl^tibf], whicn, as we have seen, takes . place in . 
tK6 ti^ill^ts^-fifed fifom common pieces; 

A'ud'first i considered, that in consequente of^ 
tife tea$pning about the manner, in which it pro-^ 
dtic0»'this effect ; it'should foll6w, . that the sam6 
hftnisiliete'of thebtillet, which lies foremost iu 
tli6 piece, must continue^ foremost during the 
\«^ol^, course of its flight. ^ 

Xo'exramiiie this particular, 1. took a rifled bar* 
i^ catirying a bullet of six to the-^und j but inn 
ftead of its leaden burllet, lused' a wooden one of ' 
tKe s^me size, niade of a soft springy wood, which ' 
htat itself easily inta the rifles without breakings 
And firing the piece thus- loaded against a wall 
^t such a distance, as the bullet might not be 
shivered by tlie Mow ; I always found, that thoj 
same surface,, which lay foremost in the piece, 
continued foremost without any sensible-deflejetion, 
during the time of its flight. And this was easy* 
to be observed, by examining the bullfet j as bothi 
the marks of the riflies, and the part that impiiigedh 
pn the wall, were sufficiently* apparent, 
' Now, as these Wooden bullets wene but the six-^ 
teenth papt of the. weight of those of lead; Icon?-!' 
^lUde, that if there had been any unequal resis-e 
tknce or deflective power ; its eflfects must haVei 
T&eeA extremely sensible upon this light body j a«d 
^(msequently in some of the trials I made, the^ surv 
fade, which Came forettostt from the piece, must| - 
Ij^ve b,e'^n tiirhed round into another situation. 
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3ut again, I* to.pk the same piece, and Icta^ipg 
it now with a leaden' ball, I set it nearly perpen- 
dicular, sloping it only three of four <legrees Jtvona ' 
the perpendicular, in the direction of the wind ;^, 
and firing it in this situation, the buUet generally 
cqntinued about half a ipinute iq the air^ it rising^ 
by computation to near three (5|jUartet:s of.a inile,.. 
perpendicular height^ ', • ' 

In these trials I found;, that the bullet cpiiipaoii-! ' 
ly came to the ground to the leeward of the piece, .' 
and at such a distance from it, ' as nearly cofresV . 
ppnded to its angle of inclination, and to the ief- 
fQrt..of the wind; it usually falling not ne«l.rer 
to X\\t piece than a hunjLlred/ npr farther frorp it 
th^n a hundred and fifty yard^. And. this, ii^ a^ 
stfopg confirmation of the. almost steady flight of . 
this bullet for about a mile, aiid a half. J'or w^re. 
the same trial m^de with a coiriijioh piece, I doubt 
not, but the d^yiation would oftefl apount to half a,, 
mile, and perhaps considerably, more; though thi^; 
experiment would be a very difficiilt one to ex-i 
amine, on account of the litt;le^ chance there would., 
bje of discovering, where the ball fell. . 

-Butit isnowtime to ment^ion, the varieties of these 
pieces, and the. different mqth.ods ipade use of iii 
diiferent places for charging them. 

The.most usu^l.is, doubtless, what Ihave already 
recited, that of forcing a leaden bullet down the 
piece by a stron.g rammer driven by a mallet. 5ut 
lissome pavtSiOt. Germany 3.nd Szvwerlan4y apt, 
improvement is added to this practice ; especially 
in, the larger pie(;e$, >yhich are ijs(?d ffiv shooting 
at gre|.t distances.^ . ,. . 

, This is done by cutting a piece of very thiii 

leather, or of thin fustian,, in .a circular >hap?>^ 
^pflfvewhat larger thap the bpre of the barrel. Thiij 
circle. beincf greased on cine side^ is laid upon thd 
^uz^Ie ^ith Its. greasy part downwards, aiid trie 
bullet^ being placcd..upo^ jt, jijs thjdii 'furv?4 jJp^'fV 

the . 
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the barrel with it ; by which means the leather or 
fastiait inbloses the lower half of the bullet, and by 
it's interposition between the bullet and the rifles, 
prevents the lead from being cut by them. Bat 
It must be remembered, that in those barrels, where 
' this is practised, the rifles are generally shallow^ 
ahd the bullet ought not to be too large, 

' As both these methods of charging at the mouth 
take up a good deal of time ; the rifled ba'rrda, 
which have been made in England (for I remem- 
ber not to have seeh it in any foreign piece) are 
.contrived to be charged at the breech: where the 
piece is for this* purpose made larger than in any 
other part. And the powder ajad bullet are put in' 
thVx)ugh the side of the barrel by an openiiig, 
which, when the piece is loaded, is filled up with 
a^screw. By this meaiis, when the piece is fired,, 
the bullet isfdrced through the rifles, and acquires; 
the same spiral motioii as in the former kind or 
pieces. And perhaps somewhat of this kind, though 
not in the manner now practised, would be of all 
others the most perfect method for the construc- 
tion of these sorts 6f barrels. 

After what hath been said of the advantages oF 
these pieces, I must make a few animadversions 
upon their defects: And in the first place I must^ 
observe, that thoiigh' the bullet iitipelled* from 
them keeps for a time to its regular track with siif- ^ 
ficient nicety ; yet; if its flight be so far extended, 
thi^t its track is much inciirvated, it will then of- 
ten undergo considerable deflections. This, accord- 
ing to my experiments, arises from the angle ar 
lastmad^by the axi§, on which the biilletturnsj 
and the direction in which it flies ; for that axis = 
cdntinning neatly pafalld' to itself, it must neces- 
sarily da verge fh>nt the line of the flight of the bul^' 
let; when that libe is bent from its original direc* 
tion { and whi^ii ' it otice happefhs; that the bullet ' 
vhirWfon ^li ak'is^ which iio'lobg^^coineides With^ 

Y the 
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the line of its Hight; th^n the unequal resistance 
cles\. ribed in the former papers will take place, and 
the deflecting power hence arising will perpetiially 
increase, as the track 6f the bullet, by haying its 
range extended, becomes more and more incur- 
vated. 

This matter I have experienced in a small riffed 
barrel piece carrying a leaden hall of near half an 
ounce weight, for this piece, charged with one 
drachm of powder, ranged about 5fA) yards, at an 
angle of twelve degrees, with suflicient regularity j^ 
but being afterwards elevated to twenty-four de- 
grees, it then ranged very irregularly, generally 
deviating from the lj;ie bf its direction to the left, 
and in one trial not Jess than one hundred yards* 

This apparently aroSe from the cause above pieii- - 
tioned, as was confirmed by its constant deflection 
to the left; for by considering, how the revolv- 
ing motion was combined with the progressive 
one, it appeared, that a deviation that way was 
to be expected. 

The best remedy, I can think of for this defect, 
is the making use of bullets of an egg-like fonn 
instead of spherical ones. For if such a bullet 
hath its shorter axis made to fit the piece, and it 
be placed in the barrel with its smaller end down- 
war<ls ; tlien it will acquire by the rifle^s a rotation 
round its lai^er axis ; and its centre of gravity 
lying nearer to its fore part than its hinder part, its 
longer axis will be constantly forced by the resist- 
ance of the air' into the line of it$ flight. As we 
see, .that by the same mean§ arrows constantly lie 
in the lineiof their direction, .however that line be 
iiicurvated. 

, But 'besides this irregularity already'treated of^/ 
there is another cir6umstanGe in the use of theje 
pieces, which renders the flight of the bullets, un- 
certain, when -fired at a considerable elevation. 
^f>r I Jnd.by^roj^. experiments, that the velocity 

of 
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oF a bullet fired with the same quantity of po\tder 
irom a rifled barrel, varies much more from itself 
in ditferent trials, than when fired from a common 
piece: ' " ' ' 

This, as I conceive, is owing to^the great quan- 
tity of friction, and the impossibility of rendering 
it equal in each experiment. Indeed, if the rifles 
aretiot deeply cut, and if the bullet is nicely fitted 
to the piece, so as not to require a great force to 
"drive it down, and if leather or ftistian wdl greas- . 
ed is made use of between the bullet and the bar- 
rel in the manner described above ; perhaps by a 
careful attention to all these particulars, great part 
'df the inequaliity in the velocity of the bullet may 
be pf^Vented, and the difficulty in question be in 
Bohie measure obvi'ated: but till this be done^ it 
cannot be doubted, but the range of the san^e 
piece at an elevation will vary considerably^in each 
trfal ; although the charge be each time the same. 
Arid this I have myself experienced in a number 
pf diversified trials with a rifled barrel piece, load- 
ed iat the breech in the English manner. Fojr 
ben?, the rifles being indented very deep, and the 
bullet being so large as to fill them up completely; 
I found, that, though it fle\y' with a sufficient 
exactness to the distance of four or five hundred 
yard^ ; yet, when it was raised to' 'an kngle of about 
twelve degrees (at' which angle being fired with 
about one-fifth of its weight in powder, its me- 
dium range is liearly a thousand yards) in this 
case, I say, I found, that its tange was variable, 
although' the greatest care was taken to prevent-^ 
any ine/q[ualities in the quantity of the powder, or 
the manner of charging. And as in this case, the 
angle was too small for the first mentioned irregu- 
larity to produce the observed effects; they caa.. 
only be^ imputed to the different velocities, whith 
the bullet each time receive^ by the unequal ac- 
tion of the friction. . 

Y2 Fto^ai. 



3^0 TRACi;S 

FrQm all thatl^w been said then about the a^ 
of rifled barrel pieces,; it is ?i^ipqiently abviouft ■ 
.th^t whatever tends to diiaiiiish the friction ot 
these pieces, tends at the same time to render 
t\KfXi more complete i ajid c.onsetjuently it isa de- 
^luction from hence, th^it .th^ less tibe rifles are in- 
depM, thcTbe'tter the^ are ; provided , they are juat 
jSu^cient tojkeep't^e bullet iroin tii^rnuig round 
,?ii.'l.lfi3 piecp. It likewise fpilo\y;3 ttp, that thp 
bull,et ought to jt^ no larger (ban to be jiist;.pi;e9&- 
cdj^y itjie rifles ; for tbe^.eas;er ;ttie bullet moy,^s; jn 
,t%. piece| supposipg it' not (9 .sljift its position, 
^K ^purp vipfepV^o/I accumtf ii^ill its fligixt be. 
^]qji ,to rende^ tjhis' tagt .^rti^c^ ^be. mope .coraptte,; 
It' ;^s- iiecessary, '.}ih^ft th^SAjf'ejfp pftlie rifles, should 
^e in e<}cjj part exactly pafaljet to pg;,cli otjier. JFor 
^he.ii, aftcf the huilet is once put in mptiotn,' it will 
^J.^^,ojatpf tlie.'barrjsl ^iJ;llont.^^nysh?ke, andwrith , 
^■^p'i;]j s.niap^f. ,d,efi;Fe;e pf :^r;G^an, .^^an. if the 
'thf^fitls pf the rifles qaye nqt /ill 01 them the' saiae 
(^[egijee oFipcu^^tioq. ' , 

' [llie foieigpejs are s,o pjijcf inthis artie|e, ^thaf 
^Ijey py tjicir p^c^s: as j;q tljis 'particular by a'sin- 
gui|Lr ^Jtifice. ^ jjpr th^y first .pour jnelted li^ad into 
jp^'^'.'^nA i^^m it cool,; tW procure 'la^egden 
c^Wipr oif" P^rw^ t>7p "qr. tjirep (jiameters i^ 
]'engtji, e?fac,tJy m]e4 to one ^p^rf of the insi(i,e of 
^be,i^iep?; tJ^gri, jif thje le^den> cylinder, being 
gi-fltly pi|3hed by.thc ram,9i?r, ylll pass from pne. 
^ii(| yf tfie biifr^l 'f.o the pther wi'tjipijt any sfep-siWe 
^■aiji' or p^oTi, tjjpy prpnounpe t^e piece nerfcct; 
J^jt^]\f'it anywhere sticks. ■o;■"^JQve8 h^ji ;they 
^^teei^v it detective. ' ,' . 

Irpjn the patyrc of these piecp^ it is plain, thaf 
yW cafi only ^be n^'ade use of with le,aden biiUets; 
ajfcf^pB^sequpntly cannot be adiipte4 to the ai^istr 
mg ^t the motion .of eitlier shells, oy cannbn- 
T)}fllets. fif^vvCTer frQip t^he sapig principle, lyhence 
these pieces derive their peifecljpp,' ouier artifices 
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may be deduced for the regulating the flight of 
, these more ponderous bodies/ On some of these 
methods, which have occurred to me, I have already 
made several experiments ; and there are others, 
which I have more lately considered, and which 
appear to me to be infallible. But there are many 
reasons, why I should not now engage in a cir- 
cumstantial discussion of tliis kind. I shall there- 
fore close this paper with predicting, that what- 
ever state shall thoroughly comprehend the nature 
and advantages of rifled barrel pieces, and, havi 
ing facilitated and compleated their construction, 
shall introduce into their armies -their general um 
with a dexterity in the management of* them ; 
they will by this means acquire a superiority, 
which will almost equal any thing, that has been 
dpnie'at any time by the particular excellence of 
,any one kind of arms ; and wiU perhaps fall hut 
•littljB short of the wpnderfiiLeiFects, which histories 
relate to have been formerly produced by the first 
^nventpcs pf fire-arms. 



THP END, • 
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